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Thank you tor your interest in the SCC, one of the most popular Seaal Data ICs available today. This 
manual IS intended to provide answers to technical questions aiwut the Z8530 and Z85C30. 

If you have already used the Z8530 and are familiar with the previous editions of this Technical 
Manual, youwiuflndthat some chapters are virtually unchanged. The Z8030's fun(^5nality. however, 
hds[been omitted fnrni Site revision since a CMOS Z8030 was not developed. You can, however, 
conWjIt the previous AmZ803@iPIQ Technical Manual revision for information pertaining to Z8030 
operation. i- a- 

Functional descriptions of enhancements added to the Z85C30 have been included in this Technical 
Manual revision. These enhancements improve the Z85C30's functionality and allow it to bd used 
more effectively in high-speed applications. These enharx^ments include: 

a 10 X 19-bit SDLC/HDLC frame stahjs FIFO array ^ ' . 

• a 14-bit SDLC/HDLC frame byte counter 

• automatic SDLC/HDLC opening flag transmission 

• automatic SDLC/HOLC Tx Undermn/EOM flag resetting 

• automatic SDLC/HDLC Tx CRC generator presetting . ■ 

• RTS pin synchronization to closing SDLC/HDLC flag 

• DTR/REQ deactivation delay significaritly reduced . • . 

: external POLK to RxC er^tC synchronization requirement elnvn^ed^OtfCLK divide-by-four 
operation 

•• complete SDLC/HDLC CRC character reception 

• reduced W response time 

• Write data setup time to rising edge of WR requirement eliminated 

• Write Registers WR3, WR4, WR5, and WR10 made readable 

Most users read only chapters that are of interest to them. If you are designing the microcomputer 
hardware using the SCC as a peripheral, you will want to read the Applications Section In Chapter 
7. Application notes covering the interfacing of the Z8530 (pre H-step and CMOS versions only) to 
the 8086^0186, 68000 ptoce^ors and Am7960 Data Coded Transceiver have been Included. 

the isee with the HMOS SC@;;Soine points to lool^ out for when using the Z85C30 are: 

• FoHCMrtte worksheet for initialzation (Chapter 7]p. Unexptainable operations may occur if this 
procedune Is not followed. 

• Watch out for the Write Recovery time violation. The specification for this (Trc) was changed 
on tx)th the H-step and CMOS version. It is now referenced from falling edge to falling edge of 
the Read/Write pulse. Trc is spec'd at 4 PCLKs for the NMOS H-stepandB PCLKs (best case)/ 
3 and 1/2 PCLKs (typical case) for the Z85C30. 

• Ensure Mode bits are not changed when writing commands. Each Mode bit affects only one 
function and a Command bit entry requires a rewrite of the entire register; therefore, care must 
be taken to insure the integrity of the Mode bits whenever a new command is issued. 
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CAPABILITIES 

• Two independent full-duplex channels . 

• ^ynchronous/lsosynchfonous data rales:' 

- Up to 1/4 of the PCLK (i.e., 4 Mbit/sec. maxi- 
^r.-fldum data rate with 1 6 MHz PCLK Z85C30) 

- Up to 1 Mbit/sec. with a 1 6 MHz clock rate (FM 
encoding using DPLL in Z85C30) 

.. , V Up to 500 Kbit/second with 1 6 MHz clock rate 
(NRZI encoding using DPLL in 285030) 

• Asynchronous capabilities: 

- Up to 250 Kbits/sec with 1 6 MHz (x1 6 mode) 
, PCLK, 

- 5, 6, 7, or 8 bits per character 

- 1, 1-1/2, or 2 stop bits 

- x1, 16, 32, or 64 clock modes 

- Break generation and detection 

- Parity, Ovenun and Framing Error detection 

• Character-oriented synchronous capat>lllties: 
.-1 Internal or external character synchronization 

- - 1 or 2 sync characters in separate registers 

- Automatic dn&§#nerat!on/detecflon 
sbLC/HLDC capabilities: 

- Abort sequence generation and checking 

- Automatic zero txt Insertion and deletion 

- Automatic flag insertion between messages 

- Address field recognition 

- I-Field residue handling 

^ teRC generation/detection ' ^ r> 

- SDLC Loop mode with EOP fdsb^iOfiAoop 

entry and exit 

• Receiver data registers quadruply buffered. 

Transmitter data register doubly buffered 

• NRZ, NRZI, or FM encoding/decoding and 

Manchester decoding 

• Baud-rate generator in each channel 

• A DPLL in each channel for clock recovery 

• Grysttil oscillator in each channel 

•| L|ncalLoopt>ack and Auto Echo modes 



INTRODUCTION 

TheZ^CSO andZ8530 SCCs (Secial.Communte^ns 
Contro ler) are dual channel, rnulBprotoeaiiittpe ^ iBim' 
tic^ ^.pi^pherats designed for use with 8- and 1 6-bit 
rnicrdpixicessors. The SCO functions as a serial-to- 
parallel, parallel-to-serial converter/controller. The SCQ 
can be software-configured to satisfy a wide variety of 
serial communications applications, including: Bus 
Architectures (full- and half-duplex), Token Passing Ring 
(SDLC Loop mode), and Star conHgBKMIaMt^sMar 
to SLAN). 

The SCO contains a variety of internalfunctions including 
on-chip baud rate generators, digital phase-lock loops, 
and crystal oscillators, which dramatically reduce the 
need tor external logic. In addition, SDLC/HDLC en- 
hancements have been added to the Z85C30 that allpw 
Ktb bei used more effectively in high speed applications. 

The SCO handles asynchronous fomals, synchronous 
character-oriented protocols such as IBM Bisync, and 
Synchronous bit-oriented protocols such HDLC and IBM 
SDLC. This versatiiedevice supports virtualiy<any@efi|U 
data transfer appflca(!bin)1*{iijteisomr^)1i^^ 
diskette, tape drivers, etc.). 

The device can generate and check CRC codes in any 
Synchronous mode. The SCC atee-tee^ facilities for 
Model n controls in both channels, m ^Ications where 
these [x>ntrols are not needed, th^cybfii controls can 
be usixJ for general purpose I/O. 

i : 

With access to 14 Write registers and 7 Read registers ' 
per ch annel, the user can configure^tKe'SCC so that it can 
handle) all asynchronous formats regardless of data size, 
number of stop bits, or parity requirements. The SCC 
also accommodates all synchronous fomnats in€iMdilil>i 
character, byte, and bit-oriented protocols. i' 

Withirj each operating mode, the SCC also allows for 
protocol variations by handling odd or even parity bits, 
character insertion or deletion, CRC generation and 
checking, break/abort generation and detectio«li aid) 
many other protocol-dependent features. 



Unless othenvlse stated, the functional description in this 
Technical Manual applies to both the NMOS Z8530 and 
CMOS Z85C30. When the enhancements in the Z85C30 
are disabled, it is coFi^pletply dowtniaRloompatible with 
theZ8530. 
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In addition, the Z85C30 provides enhancements which 
allovr it to be used more effectively in high speed SDLC/ 
HDt|carl|»eatlt»iri1f§Se eftn^^ include: 

- 10 X 19-bit SDLC/HDLC frame status FIFO 

- 14-bit SDLC/HDLC frame byte counter 

- Automatic SDLC/HDLC opening Flag trans- 
mission 

^ Automatic SDLC/HDLC Tx Underrun/EOM 
: Flag reset • ^ - 

- Automatic SDLC/HDLC CRC generator preset 

- TxD forced High in SDLC NRZI mo^le when in 
Mark idle ^'^ 

RTS synchronization to closing SDLC/HDLC 
Flag .. 

DTR/REQ DMA request deacOvaOc^ delay re- 
duced 



*- Reduced Read/Write access recovery time 
(Tro) to 3 PCLK best case (3 1/2 PCLK worst 



Extemai PCLK to RTxC or TRxC synchroniza- 
tion requirement remov<QdfE|r0ne ^WTtt) PCLK 
operation 

Reduce Internjpt response time 




- Improved WAIT timing 

Other enhancemierits wrtiich make the ZSK^O moreuser 
friencHy indude: , t -. 

■ - Write data valid setup time to negative edge Of' 
write strobe requirement eliminated ' ' ^ 

- Write Registers WR3, WR4, WR5 and WR10 

are readable 

- Complete reception of SDLC/HDLC CRC 
■. • ohaiacters! . 

- Lower pri ority interrupt masking without 
INTACK generation 

BLOCK DIAGRAM 

Figure 1-1 depicts the block diagram of the Z8530 and 
Figure 1 -2 the block diagram of the Z85C30. Data being 
received enters the receive data pins and follows one of 
several data paths, depending on the state of the control 
logic. The contents of the registers and the state of the 
external control pins establish the internal control logic. 
Ti;ansrnitte^ data foUo\^$ a similar pattern of control, 
reg^r^and^e^l pin deTpifiorH , « < : 
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Figure 1-1. Z8530 Block Diagram 
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PIN FUNCIflONS 



Thd sec pins are divided Into seven functional groups: 
ress/Data, Bus Timing and Beset, Device Control, 
interrupt, Serial Data (lx>thchannels), Pei4pt)eral Control 
(ticrtn channels), and Clocks (both Channels). Rgures 
1-3 4 nd 1-4 ^Qwthe pins in each functional group forthe 
1 4<Hii»^C weisiohs. 

The Address/Data group consists pf the bidirectional 
lines used to transfer data between the CPU and the 
SCO. The direction of these lines depends on whether 
the sec is selected and whether the operation is a Read 
or apAfrtter I ' 



The Timing and Control gfOiq>s d^gnate the type of 
transaction to occur and when thistrmieaetlon will occur. 
The Interrupt group provides Inputs and outputs to con- 
form to the Z-BUS specifications for handling and priori- 
tizing interrupts. The remaining groups are divided into 
Channel A and Channel B groups forserial data (transmit 
or receive), peripheral control (such as DMA or Modem), 
and the input and output lines forthe receive andtransmlt 
clocks. 
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Figure 1 -4 designates the pin locations and signal names 
for the 40- and 44-pin SCO versions. 

System Interface Pin Descriptions 

A/B |— Channel A/Channel B Select (Input, Channel A 
active High) 

This signal selects the channelln which the Reador Write 
operation occurs and must be valid prior to the read or 
writ^strotw. 

CE — Chip Enable j^npit. acthre Low) . 

This signal selects the ^QCforoperationL It must remain 
active throughout the txjs transaction. 

D0-b7 — Data Lines CMdlrectlonal, 3-state) 

These I/O lines carry (itesa or control information to and 
from the SCO. 

Die— Data/Control (input, data active High) 

This signal defines the type of inforfnetiOn^fransfer per- 
form id by the SCC: data or control. The state of this 
signs il must be vaRd prior to the read or write strobe. 

RD - - Read (Input, acthre Low) 

This signal indicates a Read operation .and, -when the 
SCO Is selected, enables the SQC bus drivers. During 
the Interrupt acknowledge cycle, this signal gates the 
interrupt vector onto the bus provided that the SCC is the 
highest [xiority device requesting an interrupt. 



INTACK — Intenupt Acknowledge (Input, active 
Low) 

This signal, indicates an active intenupt acltnowledge 
cycle. _Durir^ this (^de, the iitterrupt daisy chain settles. 
When RD becomes active, the SCC places an interrupt 
vector on the data bus (if lEI is High). INTA^CIa latched 
by the rising edge of PCLK. 

Int ^ Interrupt Request (output, open-drain, active 
Low) 

This signal is activated when the SCC is requesting an 
Intenupt. 

Serial-Channel Pin Descriptions 



WR -p Write (Input, active Low) 

When the SCC Is selected, this signal indicates a Write 
operation. On the NMOS Z8530 data must be valid prior 
to the rising edge of write strobe. The Z85C30 does not 
share this requirement. The coincidence of RDandWR' 
is Interpreted as a Reset. 

lEI — Interrupt Enable In (Input, active High) 

lEI is used with I EO to form an intermpt daisy chain when 
there is more than one interrupt-driven device. A High on 
lEI indicates that no other higher priority device has an 
Internjpt Under Service (IDS) or is requesting an 
intemjrpt. 

lEO — Interrupt Enable Out (output, active High) 
lEO is High only if lEI is High and the CPU is not servicing 
an SCC or SCC internjpt or the controller is not request- 
ing an interrupt (interrupt acknowledge cycle only). lEO 
is connected to the next lower priority device's I El Input 
and thus inhibits interrupts from lower priority devices. 



CTSA, CTSBsi:^ Clear to Send (lnpii»i^ active Low) 

if the Auto Enable bit in WR3 (D5) is set, a Low on these 
inputs enables the respective transmitter; othenwisethey 
may be used as general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow rise-time 
inputs. The SCC detects transitions on these inputs and, 
depending on whether or not other External/Status Inter- 
njpts are pending, can intenupt the processor on either 
logic level transitions. 



DCDA,.DCDa<»^ Data Carrier DMect (Inputs, active 
Low) - 

These pins function as receiver enables if the Auto 
Enable t>it in WR3 (D5) is set; otherwise they may be 
used as general-puipose input pins. Both pins are 
Schmitt-trigger bufferol to accommodate stow rise-time 
signals. The SCC detects transitions on these Inputs 
and, depending on whether or not other External/Status 
Interrupts are pending, can intermpt the processor on 
- either logic level transitions. 



DTR/REQA, DTR/f^ Data TeoMMt Ready/ 
Request (outputs, acthre Low) 

These pins function as DMA requests for the transmitter 
if bit D2 of WR14 is set; otherwise they may be used as 
general-purpose outputs following the state pro- 
grammed into the DTR bit. 

PCiaC^'CfeMfBijiut) 

This is the master clock used to synchronize Internal 
signals. PCLK is not required to have any phase relation- 
ship with the||naster system clock. 
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W^R,\ — Request to Sentf (eutputs, active 
Low) 

Whe n the Request to Send (RTS) bit in WR5 Is set. the 
RTS pin goes Low. When the RTS bit is reset in the 
Asyndironous mode and the Auto Enable bit in WR3 
(D5) is set,itKe signal goes High after the transmitter is 
em^J In Synchronous mode o r Asy nchronous mode 
with the Auto Enable bit reset, the RTS pins strictly follow 
the state of the RTS bits. Both piiw can be used as 
general-purpose outputs. 



RTxCA, RTxCB — Receive/Transmit Clocks (Inputs, 
a^lveLow) 

The functions of these pins are under program control. In 
each channel, RTxC may supply the receive clock, the 
transmit clock, the clock for the baud rate generator, or 
the clock for the digital phase-locked loop. These pins 
can al so be programmed for use with the respective 
SYNClpins as a crystal oscillator. The receive clock may 
be 1 , 1 6, 32, or 64 times the data rate In Asynchronous 
mode. 

If a clock is supplied on these pins in NRZI or NRZ mode 
serial data on the RxD pin will be sampled on the rising 
edge of these pins. In Fl^ mode, RxD is sampled on both 
clock(^lgiM. 

RxDA , ^eDB — Receive Data (Inputs, active High) 

Serial Idata is received through thra»;pitis. 



In Extern^ Synchronization mode, with the crystal oscil- 
lator n ot selec ted, these lines also act as inputs. In this 
.mode, .SYNC must be driven Low two receive clock, 
cycles after the last t)it of the sync character is received. 
Character assembly begins on the rising edge of the 
receive clock immedtatteiy lOftowing the activation of 
SYNC. 

In the Internal Synchronization mode (Monosync and 
Bisync), with the crystal oscillator not selected, these 
pins act as outputs and are active only during the part of 
the receive clock cycle in which sync characters are 
recognized. . The sync condition is not latched, so these 
a^'icUve each time a sync character is recog- 
nized (regardless of chara6ter boundaries). In SDLC 
mode, these pins act as outputs and am vaidi on feoelpt 
of a flag. 



SV NCA, SYNCB — Synchronlzatton (Inputs/oulputs, 
active Low) 

These pins can act as either inputs, outputs, or ais part of 
the crystal osdliator circuit. In the Asynchronous mode 
(crystal osdiiatoroption not s elected), these pins are 
inputs simfteFto CIB and OCD. Inthis mode, transitions 
on th^se lines affect the state of the SYNC/I-IUNT status 
t)It in Read Register 0, Ixjt have no other function. 



TRxCA, TRxCB — Transmit/Recehre Clocks 0nputs 
or outputs, active Low) 

The fu nctions of these pins are under program control. 
TRxC may supply the receive ckick or the travisrntt clock 
in the Input mode or supplytheoutputofthe dlgitalphase- 
tocked loop, the crystal oscillator, the baud rate genera- 
tor, or the transmit clock in the output mode. If a clock is 
supplied on these pins in NRZI or NRZ mode serial data 
on the TxD pin will be clocked out on the negative edge 
of these pins. lnFMnriode,TxDisck>ckedonbothck)Gk 
edges. 

TxDA, TxDB — Transmit Data (outputs, active High) 
Serial data from the SCC is sent out these pins. 



W/REQA, W/REQB — Walt/Request (outputs, open 
drain and switches from floating to Low when pro- 
grammed for Walt function, driven from High to Low 
when programmed for a Request function) 

These dual-purpose outputs can be programmed as 
eithertransmit or receive request lines for a DMA control- 
ler, or as Walt lines to synchronize the CFtJ tDtlieS@C 
data rate. The reset state is Wait. 
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INTRODUCTION 

The SCiC internal structure pipvides allthe internjpt antf 
togie f«9e«e$^ to imerfa(»~llnwvniultiplex^ 
tsjses. Interfacetogic is also provided tviiiMl^iMpili 
or peripheral control inputs or outputs. lAffctf^iireMn^ 
signals are general-purpose and can be applied to vari- 
ous peripheral devices as well as used for modem 

The center for data activity revolves around the internal 
read and write registers. The programming of these 
registers provides the SCC with functional "personality;" 
i.e. register values can be assigned before or during 
program sequencing to determine how ttie ^^Ml' 
establish a given communication protocol. 

This chapter covers the details of interfacing the SCC to 
a system. The general timing requirements are de- 
sctibed but the respective data sheets must be referred 
tatof iipecffic A.C. numbers. ' ! ' s & 
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Table 2-1. Register Set 



REGISTERS 



Mmii^ iof^e^mmniss^n are es^bllshed by the bit 
values of tifetwfte fiSI^StdfS. AS-tite are received or 
transnpittedi^ t^iSmsf^r^m^hs These 
^rigpd Values Sin f^Tnote softwarie adtion drmit^ 
ha^are acstion Mr tnWter register changes. >"''W'*^' 
r ■ " I'. : 'HI'' -cii' •.. t -- -■ j. i'^''''^ 
thjS; t^siiBr fqir eltannel. j(tolu<ies' 14 -writt' 
rs and. se,yqp read registers. Ten write registers 
usN for Gpntrol, two for sync character generation, 
and two for tfie on-chip baud rate generator. Two 
additional write registers are shared by both channels; 
one is used as the Interrupt vector and one as the master 
intermpt control. Both registers are accessed and 
by either Channel. 



Four read registers indicate status functions; two are 
used by the baud rate generator, and one by the receiver 
buffer. The remaining two read registers are shared by 
both channels; one for interrupt pending bits and one for 
the Internjpt vector. On the Z85C30 three additional 
registers are available. Refer to Chapter 4 and Chapter 
^ler fjjHttiar^ details on the^ regi^lsm. >i 

Table 2-1 lists the assigned functions for each read and 
write register. Chapter 6 provides a detailed bit legend 
and diiscription of each register. 



Read Register Functions 



RRO Transmit/Receive buffer status, and External 
status 

RR1 Special Receive Condition status, residue 

codes, error conditions jjfe! 
RR2 Modified (fitjanoel B only) interrupt vector :;r 

'Only). .■ :t. .,■ : l . ■ 

RR3 lntei!rupt:.Pefxling bits (Ghai>tiB!<A«ttfy):!i . )^ 
RR8 Receive buffer (, ' i.i • 

RR10 Miscellaneous XMTR, RCVR status para- 
meters 

RR1 2 Lower byte of baud rate generator time 
constant 

RR13 Upper byte of baud rate generator time 
constant 

RR1 5 Extemal/Status interrupt control infomiation 



Write Register Functions 



WRO Command Register, (Register Pointers), 

CRC Initialization, re sets for va rious nwdes 

WR1 Internjpt condiOons, Wait/DMA request 
control 

WR2 Interrupt vector (access through^ther 
channel) 

Wt^ Receive/Control parameters, nijrfi| 

per character, Rx CRC enable 
WR4 Transmit/Receive miscellaneous parameters 

and codes, clock rate, number of sync ^ 

characters, stop bits, parity 
WR5 Transmit parameters and control, number of 

Tx bits per character, Tx CRC enable 
WR6 Sync character ( 1 st byte) or SDLC flag 
WR9 Master interrupt control and reset (accessed , 

through either channel), reset bits', corttrol 

interrupt daisy chain -. , , ' 

WR10 Miscellaneous transmitter/receiver control 

bits, NRZI, NRZ, FM encoding, CRC reset 
WR11 Clocl< mode control, souroe ef Rx and Tx ( •. 

clocks 

\(V,Rt2 Lower byte of baud rate generator time 

' constant i, -. 

WR1 3 Upper byte of baud rate genMSr'flme 
constant 

WR14 Miscellaneous control bits: baud rate 
generator, Phase-Locked Loop corrtrol, 
auto echo, local loopback 

WR15 Biern{|ri/§tatus iitterrupt control f nf M^on- 
c!0nMMeiti^ mrKittto^ caustr^ Miifupts 
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SYSTEM TIMINGS 



Two control signals, RD and WR, are used by the SCC to 
time bus transactions. In additio n, four other control 
signals, CE, D/C, A/B and INTACK are used to control the 
type of bus transaction that will occur. 

- 

A but transaction starts when the D/C and AJB pins are 
asserted prior to the negative edge of the RD or WR 
sign^. The coincidence of CEjind RD or CE and WR 
latches the stat e of D/C a nd A/B and starts the Internal 
operation. The INTACK signal must have b^en prdvi- 
ouslyl sampled High by a rising edge of POLK for a read 
or write cycle to occur. In addition to sampling INTACK, 
PCLl{( Is used by the interrupt section to set the Interrupt 
Pending (IP) bits. 

The SCC generates internal control sign als in response 
to a register access. Since RD and WR have no phase 

relationship with PCLK, the circuitry generating these 
internal control signals provide time for metastable con- 
ditions to disappear. This results in a recovery time 
related to PCLK. This recovery time applies only be- 
tween transactions involving the Z8530/Z85C30, and 
any intervening transactions are ignored. This recovery 
time is f our P CLK cycles, measured from the falling edge 
of RD orWRforaread or write cycle of any SCC register 
on tm Z85S(M*slsp^Uii^3 or^^ PCLK cycles for the 
285030. : ■ ' v .-ri : ' -■>'■'■ 

Read Cycle 

The Mead cycle tiniing for the SCC is shown in Figure 
2-1. " "he A/Wand D/C pins are latched by the coi ncidence 
of RC and CE active. CE must remain Low and INTACK 
must remain High throughout the cycle. The SCC bus 
drivers are enabled while CE and RD are both Low. A 
read with D/C High does not distutt the state of the 
pointers and a read cycle with D/C Low resets the 
pointers to zero after the internal operation is complete. 

Write Cycle ' ' ' ' ' ' 

The Write cycle timjng for the SCC is shown in Figure 
2-2. The /VBand D/C pins are latched by the coincidence 
of WR and CE active. CE must remain Low and INTACK 
must remain High throughout the cycle. A write cycle with 
D/C High does notdisturb the state of the pointers and a 
write cycle with D/C Low resets the pointers to zero after 
the internal operation is oomplete. 



; lifilliS^^^cAowrledge Cycle 

The Interrupt Acknowledge cycle timing fo r the SCC is 
shown in Figure 2-3. The stat e of INTA CK is latched by 
the risingjdgeof PCLK. While INTACK Is Low, the state 
of the A/B, D/C, a nd WR p ins is ignored by the SCO. 
Between the time INTACK Is saipled Low and the 
tiiTW-<BD falls, ttie internal and fficteftfg^l/lEO daisy 
chains settle; this is A.C. parametM'#38-TdlAi (RD). 

If there is an interrupt pending in the SCC, and lEI is High, 
when RD falls, the Interrupt Acknowledge cypie is in- 
tended for the SCO. This being the case, the sets' 
the appropriate Internjpt Under Service (lUS) latch, and 
places an interrupt vector on D0-D7. If the falling edge 
of RD sets an lUS bit in the SCC, the INT pin goes inactive 
in response to the falling edge . Note that there should be 
on^ onB RD per Acknowledge cycle. 

Another important fact is that the IP bits in the SCC are 
updated by a cloci< half the frequency of PCLK, and this 
clock is stopped while the pointers point to RR2 and RR3; 
thus the interaipt requests will be delayed if the pointers 
are left pointing at these registens. - ' 

REGISTER ACCESS P 

The registers in the SCC are accessed in a two-step 
process, using a Register Pointerto perform the address- 
ing. To access a particular register, the pointer bitsmust 
be s.^t)y writing to vypo. Thepoijnt^r jjK^^y be written 
in either channel becayse ofily'S^i^eNnisls in the SOG.. 
After the pointer bits areset, the next mad or write cycle 
of the see having D/C LOW «ni a^c^S the desii^B 
register. At the conclusion of this read or write cycle, the 
pointer bits are automatically reset to '0', so that the next 
control write will be to the points in 

A read from RR8 (the Receive Buffer) or a write to WR8 
(Transmit Buffer) may either be done in this fashion or by 
accessing th^ SCC having the D/C pin High. A read or 
write with D/C High accesses the data registers directly, 
and independently, of the state of the pointer bits. This 
allows single-cycle access to the data registers and does 
not disturb the pointer bits. The fact that the pointer bits 
are reset to '0', unless explicitly set otherwise, means that 
WRO and RRO may also be accessed in a single cycle. 
That is, it is not necessary to write the pointer bits with '0' 
before accessing WR0 or RIRO. There ^re three pointer 
bits in WRO, and these allow access to the registers with 
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addresses through 7. Note that a command may be 
written to WHO at the same time that the pointer bits are 
written! T^aoGsss<1iie«resfisters -vAli acldresses 8 
through 15, a special ^oinmand ma^ .accompany the 
pointer bits. This priecludes con6(lntenHy issuing .a 
command when pointing to these registers. fFhe SGG 
register map is shown in Table 2-2. ' ■ 

If for sJme reason the s^e of the pointerbits isunl<nown, 
they rnay be reset to '0' by performing a read cycle with 
the D/C pin held Low. Once the pointer bits have been 
set, the desired channel is selected by the state of the 
A/B pin during the actual read or write of the desired 
registqr. 

Z85C30 ENHANCEMENT REGISTER 
ACCESS 

SDLC/HDy«,eptianQepRnts on the Z85C30 are enabled 
or disibteeLfffa-iits okmni DO In WR15. Bit 02 deter- 
mipes whether or not the 1 0x1 9-blt SDLC/HDLC f^ame 
status FIFO is enabled while bit DO determines wh^her 
or not other SDLC/HDLC mode enhancements are 
enabled via WR7'. Table 2-3 shows what fu^ictions on 
the Z85C30 are enabled when these bks aret^et. 

When bit D2 of WR1 5 is set to '1', two additional registers 
(RR6 and RR7) per channel specific to the I0x19-bit 
frame status FIFO are made available. The Z85C30 
register map when this function is enabled is shown in 
Table 2-4. - i 



Table 2-2. SCC Register Map 



A/Q 


DMT 


OMT 


DMT 


WRITF 
wvni'i c 













1 


WR1B 


RR1B 








1 





WR2 


RR2B "v ^ 








1 


1 


WR3B 


RR3B 





1 








WR4B 


(RROB) 





1 





1 


WR5B 


(RR1B) 





1 


1 





WR6B 


(RR2B) 


.0 


1 


1 


1 - 


WR7B 


4RB3B) , . 






0-^ 





WB»A 












1 


WR1A 


RR1A 







T 





WR2 


-hRSA 







1 


1 


WR3A 


RR3A 




1 








WR4A 


(RROA) 




1 





1 


WR5A 


(RR1A) 




1 


1 





WR6A 


(RR2A) 




1 


1 


1 


WR7A 


(R^ 


with the Point High comn^andr ' 














WR8B 


RRSa 











1 


WR9 


RR13B 








1 





WR10B 


RR10B 








1 


1 


WR11B 


(RR15B) 





1 








WR12B 


RR12B 





1 





1 


WR13B 


RR13B 





1 


1 





WR14B 


(RR10B) 





1 


1 


1 


WR15B 


RR15B 













WR8A 


RR8A 










1 


WR9 


(RR13A) 







1 





WR10A 


RR10A 







1 


1 


WR11A 


(RRIPA) 




1 





' 


WRi2A 






1 





1 


WR13A 


RRIIA : 




1 


1 





WR14A 






1 


1 


1 


WR45A 









Table 2-3, ' Enhancement opftens ^: ' 'r' 


i 


WRISbIt D2 

10x1 9-blt 
FIFO Enabled 


WR1S DO 
SDLC/HDLC 
Entisnee Enabled 

.V 


WR7' bit D6 

Extended Functions Enabled 1 
Rrad Enable ' 


( ■ 



1 



X 1 0x1 9-bit Fl FO enhancement enabled only 

SDLC/HDLC enhancements enabled only 

1 SDLC/HDLC enhancements enabled with 
extended read enabled 



1 10x19-bit FIFO and SDLC/H^Cenhai^pjSRrMMts 

enabled 

10x19-bit FIFO and SDLC/HDLC enhanceKnents 
1 i:,i^,Pi,.Js,<,i3 '.;j<jK isjt})«xteiided read enabled 
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Bit DO of WR15 determines whether or not other en- 
hancements pertinent only to SDLC/HDLC Mode opera- 
tion are available for programming via WR7' as shown 
beloM. Write Register 7 prime (WR7') can tie written to 
when bit DO of WR15 is set to '1'. Wtv^n this bit is set, 
writlnj] to WR7 (flag register) actually writes to WR7'. If 
bit D6 of this register is set to '1 ', previously unreadable 



Tabto 2-4. 10x19-bit HFO Enabled 















A/E 


1 PNTj 


PNT, 

- » 


PNT, 

M, .'. 


WRiTE'. 


BEAD • 

i' 











— f— T— 



WROB 


RROB 











1 


WR1B 


RR1B 








1 





WR2 


RR2B 





0,: 






WR3B 


RR3B 





i • 


;'Jl 


WR4B 


(rtROB) ^ 





1 




WRSe. < 


(RR1B) 





1 


1 




WR6a 


RR6B- - 





1 


1 


1 


WR7B 


RR7B 


1 











WROA 


RROA 


1 








1 


WR1A 


RR1A 


1 





1 





WR2 


RR2A 


1 





1 


1 


WR3A 


RR3A 


1 


1 








WR4A 


(RROA) 


1 


1 





1 


WR5A 


(RR1A) 


1 


1 


1 





WR6A 


RR6A 


1 


1 


1 


1 


WR7A 


RR7A 




with the Point High command: 














WR8B 


RR8B 











1 


WR9 


RR13B 








1 





WR10B 


RR10B 








1 


1 


WR11B 


(RR15B) 





1 








WR12B 


RR12B 





1 





1 


WR13B 


RR13B , 





_ -t- 


-J-. 




WR14B 


(RR10B) . 





1 


1 


1 


WR15B 


RR15B 












WB8A 


RR8A 










1 


WR9 


(RR13A) 







1 





WR10A 


RR10A 







1 


1 


WR11A 


(RR15A) 




1 








WR12A 


RR12A 




1 





1 


WR13A 


RR13A 




1 


1 





WR14A 


RR14A 




1 




't % »— - 


WR15A. 





registers WR3, WR4, WR5, WR10 are readable by the 
processor. In addition, WR7' is also readable by having 
this bit set. WR3 is read when a bogus RR9 register is 
accessed during a read cycle, WR1 is read by access^ 
Ing RR1 1 , and WR7' is aocessed by executing a read to 
RR14^'!¥heiS8»^ cagiStertnHq»«M^ lait oaof WR1S 
and btt 06 WRr set1ftSiioiMniniyfeie.2r5. 



Table 2-5. SDLC/HDLC Elirtwneknients Enabled 
A/i PNT, PNT, PNT, WRITE RfAD 















WROB 


RROB 











1 


WR1B 


RR1B 








1 





WR2 


RR2B 








1 


1 


WFm 


RR3B 





1 










RR4B(WR4B) 


D 


1 







WR5B 


RR5B(WR5B)' 


- < 


1 •• 


"1 


- "0 • 


' WR6B 


(RR6B) 





1 


1 


1 


WR7B 


(RR7B)' • ' 













WROA 


RROA 










1 


WR1A 


RR1A 







1 





WR2 


RR2A 







1 


1 


WR3A 


RR3A 




1 








WR4A 


RR4A(WR4A) 




1 





1 


WR5B 


RR5A(WR5A)" 




1 


1 





WR6A 


(RR2A) , 




1 


1 


1 


WR7A 


(RR3A) " 


With the Point High command: 














WR8B 


RR8B 











1 


WR9 


RR9(WR3B) 








1 





WR10B 


RR10B 








1 


1 


WR11B 


RR11B(WR10B) 





1 








WR12B 


RR12B 









1 


WR13B 


RR13B 








.. a- 


- WR14B 


RR14B(WR7'B) 


or. fti 




1 




e. m^^5B 


RR15B. 










?0 


WRBA 


RR8A 










1 


WR9 ' 


mftA(WR3A) 







1 





WR10A 


RR10A 







1 


1 


WR11A 


RRIIA(WRIOA) 




1 








WR12A 


RR12A 




1 





1 


WR13A 


RR13A 




1 


1 





WR14A 


RR14A(WR7'A) 




1 


1 


1 


. vmim 


RR15A 



D3 



D2 



-9 ZJJ P-^' 





Ext. 


Rx 


DTR/REQ 


Force 


Auto 


AulD 


Alitt) 





Read 


camp. 


Fast 


Txd 


RTS 




Tx 




Enable 


CRC 


Mode 


High 


TumoB 




Flag 



a ^1 pmttr—SlDixnmLC Enhancmnent 
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Tabl^ 2-6. Rogistar Set— An Enl|anewn«nib Enabled 
A/B PNTj PNT, PNT, WRITE READ 















WROB 


RROB 











1 


WR1B 


RR1B 








1 





WR2 


RR2B 








1 


1 


WR3B 


RR3B 





1 








WR4B 


RR4B(WR4B) 





1 





1 


WR5B 


RR5B{WR5B) 





1 


1 


-vO 


WR6B 


RR6B 





1 


1 


1 


WR7B - 


.RR7B 













WBQ/L 


-BRQA. 










1 


WR1A 









1 




' WR2 


RR2A 







1 


1 


. WR3A 


RR3A 
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If both bOs oa and D2 of WR15 are set to 1' then the 
;^.C3p r^i^r oiap is as shown in Table 2-6. 

RESET 

The sec may be reset by either hardware or software. A 
hardware reset occurs when RD and WR are boih Low, 
simultaneously, which is normally an illegal condition. As 
long as both RD and WR are Low, the SCC recognizes 
the reset condition. Once this condition is removed, how- 
ever, the reset condition is asserted internally for an 
additional fourto five PCLK cycles. During this time, any 
attempt to access the SCC will be ignored. 

The SCC has three software resets encoded into coin- 
' mand bits in WR9. there are two channel resets, which 
aff ectbniy one channelln the device and someof flie bits 
in the write registers. The third command iimses the 
same result as a hardware reset. Asj in the c^ of a 
hardware reset, the SCC stretches the reset signal an 
additional four to five PCLK cycles beyond the ordinary 
valid access recovery time. When the_SCC is first 
powered up, performing a read with the D/C pin held Low 
will guarantee that the pointers are reset to '0'; then a 
reset command can be issued by selecting WR9 and 
writing to it. The bits In WR9 may be written at the same 
time as the reset command because these bits are 
affected only by a hardware reset. The reset values of the 
various registeis are shown in Figure 2-4. 
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INTRODUCTION 

The sec can work under one of the following three 
modes of I/O operations: Polling, Interrupts, and Block 
transfer. All three modes involve register manipulation 
during initialization and data transfer. In addition, the 
Interrupt mode incorporates the Z-BUS interrupt protocol 
which provides a faster and more efficient method of 
dealing with multiple SCC devices requiring servicing. 
Regardless of the communication mode selected, all 
tftree I/O operating modes are available for use and must 
''%e programmed in the initialization rbtitine^' ' 

^PW^?at^e ineerilps and is tlnr simplest ttiode to 
1(iiQplBtt»nt. in this mode, the software must poll the SCC 
■^ipilMfliiinine when data are to be written or read from the 
- see. This mode is enabled when t he Master Interrupt 
Enable (M IE) bit in WR9 (D3) and the Wait/[)MiflirReque8t 
Enable bit in WR1 (07) are both set to '0'. 



In this mode the software must poll RRO to determine the 
status of the Receive Buffer, Transmit Buffer and Exter- 
nal/Status tlfl^iljitfii^rig to the appropriat9 Intemipt 

routine. 

INTERRUPT SOURCES 

When the MIE bit in WR9 (D3) is set to '1 ' interrupts will 
be enabled and, the SCC as a microprocessor periph- 
eral, will request an interrupt by asserting the INT pin Low 
from its open-drain state only when it needs servicing. 

Each channel in the SCC contains three sources of inter- 
rupts making a total of six. These three sources of inter- 
rupts are: 1) Receiver, 2) Transmitter, and 3) External/ 
Status conditions as shown in Figure 3-1. in addition, 
there are several conditions^t^ ntey'<i^u8^W^i1m^ 
rupts. Each interrupt source is enabled under program 
control, with Channel A having a higher priority than 
Channel B and with Receive, Transmit, and External/ 
Status intenupts prioritized respectively within each 
channel as shown in Table 3-1 . 




3-1 



Transmit Channel A 
External/Status Channel A 
Receiver Channel B 
Transmit Channel B, , 
. Extjamal/Status CAimisI B 



Low 



INTERRUPT CONTROL 

In addition to the MIE bit that enables or disables all SCC 
interrupts, three control/status bits are associated with 
each Interrupt source internal to the SCC. These are the 
Intenrupt Enable (IE), the Intenupt Pending (IP), and the 
Irtterrupt Under Service (lUS) bits. Similarly, lower- 
priqrity devices on the external daisy chain can be 
prevented from requesting interrupts via the Disable 
Lower Chain bit in WR9 (D2). 

Interrupt Enable Bit 

The Interrupt Enable (IE) bits are written by the proces- 
sor and serve to control internjpt requests from each 
intermpt source on the SCC. If the IE bit is set to '1 ' for 
an interrupt source, then that source may cause an 
interrupt request providing all of the necessary condi- 
tion s are met. if the IE bit Is reset, no interrupt request will 
be ( lerteiated by that source. The IE bits are write-only 
and are programmed in WR1 as shown below. 
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Interrupt Pending Bit 

The Interrupt Pending (IP) bit for a given source of inter- 
rupt may be set by the presence of an interrupt condition 
in the SCC and is reset directly by the processor, or indi- 
rectly by some action that the processor may take. If the 
corrosponding IE W is riot set, the IP for that source of 
inter upt will never be sen. The IP bits In the SCO are 
read -only via RR3 as shown above. . , 
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Interrupt Under Service Bit 



The 

by the processor. An lUS bit is sen Ikiilng an intenupt 
Acknowledge cycle for the highest-priority IP. The I US bit 
is used to control the operation of intemal and extemal 
daisy chain intermpts. Tlie intemal daisy chain linlts^the 
six sources of intermpt in a fixed order, chaining the lUS 
bits for each source. While an internal lUS bit is set, all 
lower-priority interoipt requests are masked off; during 
an Interrupt Acknowledge cycle the IP bits are also gated 
into the daisy chain. This insures that the highest-priority 
IP selected will have its I US bit set. At the end of an inter- 
rupt service routine, the processor must issue a Reset 
Highest iUS Command in WRO to re-enable knver- 
priQrityinl9nijpl&.TMs.i8theonlyway,5boirtj(rtia software 
or hareftwace^hiset^ffii^ an IUS mi mkf&«0m^y : 

Disable Lower Chain Bit 

The Disable Lower Chain (DLC) bitin WR9 (D2) is used 
to disable all SCCs in a lower pos4ioQ on the extemal 
daisy chain. If this bit is set to '1 ', the lEO pin is driven Low 

and prevents lower-priority devices from generating an 
intenupt request. Note that the IUS bit, when set, will 
have the same effect but is not controllable through soft- 
ware, and the point where lower-priority intemjpts are 
malted off ma/' not correspond to tfi# chip b&^:ii0^. 

INTERRUPT OPERATIONS 

Interrupts from the SCC may be acknowledged with a 
vector, acknowledged without a vector, or not acknowl- 
edged at all. WR2 is used to hold the interrupt vector re- 
turned during an interrupt acknowledge cycle. This veo- 
br register can be shared among multiple interrupt 
sources; some bits of the vector can be enoodid wij^ in- 
formation that identifies the interrupt source. 

Three bits in WR9 determine whether or not a vector is 
placed on the bus and whether or not status is included. 
The Vector Includes Status (VIS) bit (DO) enables status 
information to be included in the vector, the Status High/ 
Status Low bit (D4) determines which bits of the vector 
are encoded as shown in Figure 3-2, and the No Vector 
(NV) bit (D1 ) enables or disables placing the vector on the 
bus in re«pd(jse to m thteiriupl acknowledge ^te. 
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Figure 3-2. Interrupt Vector Modification 



In addition, the SCC can share a common interrupt rie- 
pest flit Wi0:|Mi^^ 'An exM^ndi intsmipt p^ldrity 

is used to resolve contention when mu Itiple SCC devices 
share an interrupt request line. This capability elimjriates 
tlie neM for separate (riteftapa .c^jtoffin^,. An jnt|jjl^ 



acknowledge cycle that includes the generatio n of an 
explicit Interrupt Acknowledge signal (INTACK) is used 
to select the highest priority SCC asserting INT. Figure 
3-3 shows a typical arrangement for four SCCs, labeled 
A through D, on the daisy chain, where A has the highest 
priority and D has the lowest priority. 

Multiple Interrupt Pripritjr I 

The S^JOhas an intemal priority resolution method to al- 
low' highest priority interrupt to be serviced first. It 
uses a daisy chain technique of priority intermpt control 
whereby other SCC devices are connected together via 
an extemal interrupt daisy chain formed with their Inter- 
mpt Enable Input (lEI) and Interrupt Enable Output (lEO) 
pins. The six interrupt sources within each SCC are simi- 
larly chained together as shown in Figure 3-4 with Chan- 
nel A interrupts being higher-priority than any Channel B 
internipts.and with the Receiver, Transmitter, and Exter- 
rial/St^s'ir^rrupts prioritized 1n that order within each 
channel. The overall effect is a daisy chain connecting all 
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internal and external interrupt sources that allows higher 
priority interrupt sources to pre-empt lower priority 
sources and, in the case of simMttaneous interrupt re- 
quests, determines which reqgest will be ackrwwiedged. 

Each sec on the daisy chain Use$ POL K to latch the 
stat e of the In terrupt Acknowledge signal, 1NTACK. If a 
Lo\ / INIACK is latched, then the presenteyfjiejs fi^lrj^r- 
rup I acknowledge cycle and the daisy dtiaih d^ermin'es 
whi ch jnterrupt source is being acknowledged in the fol- 
lowing way. Any interrupt source that has an intenupt 
pending and is not masked from the chain will hold its lEO 
linei low. Similarly, sources that are currently under serv- 
ice jwiil also hold their lEO lines low. 

All other interrupt sources make lEO follow IE!. The re- 
sult is that only the highest priority, unmasked source 
with an interrupt pending will have a high lEI input. This 
sec will be allowed to transfer its vector to the system 
bus when the RD strobe is issued during the intenUpt 
acknowledge cycle. 

To ensure that the daisy chain has settled by the time RD 
gates the vector onto th e bus, the SCC requires a delay 
between falling edge of INTACK and the falling edge of 
RD«AC timing parameter #38, TdlAi(RD)). The internal 
daisy chain may be controlled by the M IE bit in WR9. This 
bit, when reset, has the same effect as piiilling the Iei 
oW, 1 



Intwrupt wmhoutoAeknowtedp) 



Low, thus disabling all intermpt requests. 

Thejintenupt protocol isdjagrarmned in Figure 3-5. In the 
quiescent state (Le. no U^errups pending or under serv- 
ice) each SCC on fUe daisy chain passes its IEI input 
throMgh to its lEO mdpttt. An interrupt source that re- 
quires servicing requests an intenupt by pulling the INT 
pin Low if the following conditions exist: 1) interrupt 
source is enabled (i.e., IE and MIE bits are set to '1 '), 2) 
interrupt source is not already under service (i.e., internal 
lUS bit set to '0'), 3) no higher priority interrupt is under 
service (i.e., internal lUS bit set to '1 '), and 4) an intermpt 
acknowle dge cycle is not currently being executed (I.e., 
INTACK is High). 

When the processor responds with an Internjpt Acknowl- 
edge cycle all SCCs that have enabled interrupt sources 
with an interrupt pending or already under service, hold 
their lEO outputs lines Low. When RD goes Low, only the 
highest priority SCC with an interrupt pending will have a 
high IEI input; this is the interrupt being acknowledged, 
and that source's internal I US bit will be set to '1'. 

When servicing of the SCC has completed, the Reset 
Highest lUS Command in WRO must be issued to untock 
the { aiiy chain, reset the lUS bit, and enable lower-pri- 
ority interrupt requests. " h. 



In this mode, IN TACK does not have to be generated, 
and the INTACK input pin must be tied High. This alk>ws 
asimpier hardware design tHdt does not have to mefetthe 
interrupt Acknowledge tirring (AC timing parafneter 
#38,TdlAi(RD)). Soon afterthe SCCs INT pin goes ac- 
tive, an extemal intermpt controller will jump to the inter- 
mpt routine. In the interrupt routine, the code must read 
RR2 from Channel B to read the vector including status. 
When the vector is read from Channel B, it always in- 
cludes the status regardless of the VIS bit in WR9 (DO). 
The status given will decode the highest priority intermpt 
pending at the time RR2 is read. Note that the vector is 
not latched in RR2 so that the next read of RR2 could 
produGe<a difleiert vector ^mplhm intenrupt OQom; 
however, accessing RR2 disaUeS'it from change during 
the read operation to prevent an error if a higher interrupt 
occurs exactly during the read operation. 

Oo(# .^Ri^ is ^a^. the Jnt^ttM^f^^^i^^ decodejttie 
irHeiKipt penarig; and clear tnecdrandti. For isxampFe, 
writing a character to the Transmit Buffer will clear the 
Transmit Buffer Empty IP. Removing the Interrupt 
condition clears the IP bit and deactivates INT, but 
only If there are no other IP bits set. When the internjpt 
IP is cleared, RR2 can be read again. This allows the 
intermpt routine to clear all IPs with one interrupt request 
to the processor. i 

lntern4>t With /A^km^edge VtRtti Vector 

In this mode of operation, the pro cessor m ust respond to 
the activation of INT by activating INTACK. After enough 
time has elapsed to allow the daisy chain to settle (AC 
timing parameter #38,TdlAi(RD)), the SCC sets the lUS 
bit for the highest priority I P. If the No Vector bit in WRg 
(D1 ) is reset to '0', the SCC vvill then place the inteimjftf 
vector on the data bus during Hie read istiobe. 

To speed the Intermpt response time, the SCC can also 
nudity 3 bits in the vector to indicate status. If it is pro- 
grammed to include status infOrmafon in the vector, this 
status may be encoded and placed in either bits 1-3 or 
inl3il§ 4--6 as programmed by theStatus High/Status Low 
bit in WR9. To include status, the VIS bit in WR9 (DO) 
must be set to '1 '. The service routine must then clearthe 
intermpting condition. For example, writing a character 
to the Transmit Buffer will clearthe Transmit Buff er empty 
IP. Afterthe intermpting condition is cleared, the routine 
can read RR3 to determine if any other IP bits are set and 
clear them. At the end of the intermpt routine, a Reset 
lUS command must then be Issued via WRO to unlock the 
datfsy^afn and enable tower-priority' intermpt requests. 
This is the only way, short of a softw^ pr hardware re- 
set, that an lUS bit mac^lie f^el. 
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Interi upt With Acknowledge Without 
Vector 

T ' 

If the No Vector bit in WR9 (D1 ) is set to '1 ', the SCC will 
not place the vector on the data bus during the Interrupt 
Acknowledge cycle. An externalinterrupt controller must 
thenvectorthecodetotheinterruptroutine. The interrupt 
routing must then read RR2 from Channel B to read the 
statusl This is the same as the ca se of an i nternjpt with- 
out arj acknowledge accept that INTACK needs to be 
generated. The iUS Is set befoie, and the vector read 
in RR; 

WRO js issued. 



will not change unUtthe Reset IUS command in 



Lowor Pifltrfty Ifiterritpt lUlasldng 

The NMOS SCC's ability to mask lower priority interrupts 
is done via the IUS bit. This bit is internal to the SCC and 
is not observable by the processor. Being able to auto- 
matically mask lower priority interrupts allows a modular 
approach to coding internjpt routines. However, using 
the masking capabilities of the NMOS SCC requires that 
the INTACK cycle be generated. In applications where 
an external interrupt controller is being used to supply the 
vector, having to generate INTACK through external 
hardware, in order to use this capability, is an ufin^ce^ 
sary ^xperKie. 



On the CMOS SCC If bit D5 in WR9 is set to '1 ', the IN- 
l cycle do^ not need to be generated in order to 
I IUS ba and must be tied H^h. When this bit 
ian bitewpt occurs, reading RR2 will cause the 
t to be set forthe highest priority IP. Afterthe iriter- 
I condition is cleared, the routine can then read 
) determine if any other IPs are set and clear them. 
At the end of the interrupt routine, a Reset IUS command 
must be issued to unlock the internal daisy chain, and 
reset the I US bit. Note that in this mode the No Vectorand 
Vector Includes Status bits in WR9 are ignored. 

RECEIVE INTERRUPTS 

Four receive interrupt modes are available on the SCC. 
These four modes are: 1) Receive Interrupts Disabled, 

2) Interrupt on First Character or Special Condition, 

3) Interrupt on AR^nee^ed Characters or Special Con- 
ditiori, and 4) ^e^vts Internjpt on Special Condition 
Onlyi 




The mode selected is controlled by bits 04 and D3 of 
WRil. The Special Condition interrupts are: Receive 
FIFO Ovemin, CRC/Framing En-or, EOF, and Parity. 
The Parity conditton can either be included as a Special 
Condition or not depending on bit D2 in WR1 . The Spe- 
cial (k>ndition ^atus can be read via RR1. 



Receive Interrupts Disabled 

This mode prevents the receiver from requesting an 
interrupt. It is used in a polled environment where either 
RRO orthe modified vector in RR2 (Channel B) is read for 
status. 

When either RRO or RR2 indicates that a received char- 
acter has reached the top of the Receive Data FIFO, the 
status should be read first and then RR8 because read- 
ing RR8 moves the next character in the Receive Data 
FIFO and Error FIFO up one location. If status is read 
after the data are read, the error data belonging (if any) 
to the next character in the FIFO will also be included. If, 
however, operations are being performed rapidly enoMgh 
so that the next character has not yet been received; then 
the status will remain valid. 

Although the Receiver interrupts are disabled, a Special 
OPndition can still provide a unique veetorsiatusii R^. 

Receive interrupt on Rrst Character or 
Special Condition 

This mode is designed for use with an extemal DMA 
Controller. After this mode is selected, the first charac- 
ter received, or the first character already stored in the 
Receive Data FIFO, will set the Receiver IP. This IP will 
be reset when this character is removed from the SCC, 
and no further receive intermpts will occur until the 
processor issues an Enable Interrupt on Next Receive 
Character command in WRO or until a Special Condition 
interrupt occurs. 

The SCC recognizes several Special Conditions during 
data reception. A Receiver Overrun, where a character 
in the Data FIFO is ovenwritten, is a Special Condition, as 
is a Framing Error in Asynchronous mode, or the EOF 
cdnditionin SDLC mode. In addifion. If bft D2 of WR1 is 
set to '1', any character with a Parity Enorwill generate 
a Special Condition irrterriui^. 

The correct sequence of events when using this mode is 
to first select the mode and waft for the receive character 
availatile interrupt. When the interrupt occurs, the pro- 
cessor should read the character and then enable the 
DMA to transfer the remaining characters. 

A Special Condition interrupt may occur at any time after 
thefirst character is received but is guaranteed to occur 
after the character having the Special Condition has 
been readfromthe Receive Data FIFO. The status is not 
lost in this case, however, because the Data FIFO will be 
locked by the Special Condition preventing further data 
from becoming available in the Receive Data FIFO until 
the Error Reset command is issued. In the service rou- 
tine the processor should read RR1 to obtain the status 
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and may read the data again if necessaiy beton? unlocl<- 
iplfeef IFQ tiK^wtsg ETOr RssAw^ in wro. 

l^l»I^J^|{li@iiffiiie Enable Interrupt on Next Reoeiy^ 
mmse^t command to prepare for the next frame: -The 
first character and Special Condition Interrupt are distinr 
gulshed by the status included in the interrupt vector. In 
all other respects they are identical, Including sharing the 
IP and lUS bits. 

Receive Interrupt on All Receivei 
Characters or Special Conditions 

This mode is designed for an interrupt-driven system. In 
this mode, th^ SCC will set the Receiver IP on every re- 
ceived char^^fia^hetheFQr not It has a Special Condi- 
itiora: Ih^le^tn^iiehacaefers alrgae^ totl)e.HFO when 
men^rlS'sSte^^. In this meid@^ioi'iopiM>n;'the 
Receiver IP is reset when the character is removed from 
the FIFO, so if the processor requires status for any char- 
acter, this status must be readbef(i^W#tEiig|l#|§M^ 
from the FIFO. .sbciOi riL rnrmiFm^ 

. ' £.,!' • ^ '*lfO .; . .. ' - ' 

The Spedat Condlticms slfridenfi<^Kr<fnose previously 
mentioned, and as before, the only difference between a 
"receive character available" interrupt and a "Special 
Condition" interrupt is the status encoded in the vector. In 
this mode, a Special Condition does not locl< the Receive 
Data FIFO so that the service routine must read the 
status in RR1 before reading the data. At moderate to 
higti data rates, where the interrupt overhead is 
significant, time can usually be saved by checking for 
another received character before exiting the service 
routine. This technique eliminates the Interrupt Acknowl- 
edge and the processor-state-saving time, but care must 
exeitised bet^use this receive character must be 
(ir^^isid tSr sp^Mil r#d^e conditions before It is re- 
•iJfeflSciffbtfttheSCC. . ik .■; !■« 

-1)0 -■■•PZMt^KAn'.ttK^ 

«nieeive int^^rrirpt on Speciail 

Ihis mode Is designed for use with DMA transfers of the 
receive characters. Inthis mode, only receive characters 
with Special Conditions will cause the Receive IP to be 
set. All other characters are assumed to be transferred 
via DMA. No special initialization sequence is needed in 
this mode. Usually the DMA is initialized and enabled, 
.and then this mode is selected in the SCO. A Special 
Condition interrupt may occur at any time after this mode 
Ns selected, but the logic guarantees that the interrupt will 
~«iot OGpir iiMI after the character with the Special Con- 
dition'M&timFaaf iffpn tt^®C@ ^eclaf Condi- 
tion locks the FIFO so th^ the st2^w«^be valid when 
read In the Interrupt sen/ice routine, mk It guarantees 
that the DMA will not transfer any characters until the 
Special Condition has been serviced. In the service 



routine, the processor should read RR1 to obtain the 
status and untock the FIFO by issuing an Error Reset 
command. DMA tran^erl^ttie f^^Ms eKftfiiS^'Win 
then resume. ■ • 'wtiN v 

The transmit intermpt request has only one sour^^cao 
be set only when WR8 (Transmit Buffer) goes from full td 
empty. Note that this means that the transmit inter- 
rupt will npt be set until aft^r^he first character is written 

Transmit interrupts are controlled by the Transmit Inter- 
rupt Enable bit in WR1 (D1). If the interrupt capabilities 
of the sec are not required, polling may be used. This 
is selected by disabling the transmit interrupts and polling 
the Transmit Buffer Empty bit in RRO. When the Transmit 
Buffer Empty bit is set, a character may be written to the 
sec without fear of writing over previous data. Another 
-way of polling the SCC is to enable the transmit Intenu^ 
and then reset the MIE bit |n WR9. The processor rwy 
then poll the IP bits In R^A to detM)ne<iMBfritfii 
Transmit Buffer Is empty. .9|terM irttem^sMld mm 
be disabled In the case «M:OMA tran^r^thdttrsM^ 
mitted data. ' ' ■ 

While the transmit interrupts are enabled, the SCC will 
set the Transmit IP whenever the Transmit Buffer be- 
comes empty. This means that the Transmit Buffer must 
have been full before the Transmit IP can be set. Thus, 
when the transmit interrupts are first enabled, the 
Transmit I P wi II not b^SglMii after the fir^ pharacter is 
written to the SCC. 

in SDLC and Synchronous modes, one other condition 
can cause the Transmit IP to be set. This occurs at the 
end of the CRC transmission. When the last bit of CRC 
has cleared the Transmit Shift Register and the flag or 
sync character is loaded into the Transmit Shift Register, 
the SCC will set the Transmit IP. Data for the new frame 
or message to be transmitted may be written atthif tiftJS- 
In this particular case, the transmit Buffer Empty l^fl 
RRO is not set; only the Transmit IP isset. If the TransmW 
Buffer Empty bit is, In fact, set for ttie iriiMtt iM^nupt 
that occurs immediately after CRC transmission, this 
indicates that data was written while CRC was being 
sent. This is an indication that the transmitter 
underflowed, without the processor being aware of it. 
The Transmit IP is reset either by writing data to WR8 or 
by issuing the Reset Transmit IP Command in WRO. 
Ordinarily, the response to a transmit intermpt is to write 
more data to the SCC; however, at the end of a frame or 
message block of data where CRC is to be sent next, the 
Res^ Transmit IP comp^n^ should be issued in lieu 
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The External/Status Interrupts are globally enabled via 
WR1 and may be individually enabled via WR15 as 
shown below. The External/Status interrupt sources are: 
1) Zero Count, 2) DCD. 3) SYNC/HUNT, 4) CFSt.SJ-l^ 
UnderrurVEOM, and 6) BREAK/ABORT. 
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The Individual External/Status Interrupt enable bits in 
WRil-5 control whether or not latches will be present in the 
path from the source of interrupt to the status bit in RRO. 
If ar] individual enable bit in WR1 5 is set to '0', the latches 
are ^pt present in the signal path and the value read in 
RRO reflects the current status. An Intemipt source 
whose individual enable bit in WR1 5 Is set to '0' is not a 
source of External/Status internjpts even though the 
External/Status Master Interrupt Enable bit is set to '1 ' in 
WR1 (DO). When an individual enable bit in WR15 ns Set 
to '1 ', the latch is present in the signal path. 

The latches forthe sources of External/Status Interrupts 
are not Independent. Rather, they all close at the same 
timel as a result of a state change by one of the sources 
of interrupt. Thus, a read of RRO returns the current 
status for any bits whose individual enable bit in WR15 is 
set to '0', and either the current state or the latched state 
of the remainder of the bits. To guarantee the current 
status, the processor should issue a Reset External/ 
Status Internjpts Command in WRO to open the latches. 

The External/Status IP in RR3 is set by the closing of the 
latches and remains set for as long as they are closed. If 
the rpaster External/Status Interrupt enable bit is not set, 
the IP will never be set, even though the latches may be 
presjerrt In the signal paths and working as described. 
Because the latchesclose on the cun^rit fitatus but give 
no indication of change, the processor must maintain a 
copy of RRO in memory. When the SOC generates an 
External/Status interaipt, the processor should read RRO 
and determine which condition changed state and take 
the appropriate action. The copy of RRO in memory must 
then be updated and the Reset External/Status Interrupt 
Conlmand issued. 



for more than one status condition to change state at the 
same time. All of the latched bits in RRO should be com- 
pared to the copy of RRO in memory. If none have 
changed and the ZC interrupt Is enabled, the Zero Count 
condition caused the interrupt. 

Sync/Hunt 

The SYNC/HUNT status bit reports the Hunt state of the 
receiver in SDLC and Synchronous modes. This bit is set 
to '1' when the processor issues the Enter Hunt Com- 
mand, and is reset to '0' when character synchronization 
is established by the receiver. If the SYNC/HUNT IE bit 
in WR16 is set to '1', the External/Status latches close, 
and an External/Status intermpt will be generated on 
tx)th the Low-to-High and High-to-Low transitions of the 
SYNC/HUNT status bit. 

In External Sync Mode, the SYNC/HUNT stat us bit, a s in 
Asynchronous mode, reports the state of the SYNC pin. 
If there are no other Ext ernal/S tatus internjpts pending, 
then any transition on the SYNC pin will cause the latches 
to close and generate an External/Status in terrupt . How- 
ever, only an odd number of transitions on SYNC , while 
another ExtemaVStsOus interrupt is pending, will dose 
the latches and generate an External/Status Interrupt. 

Break/ Abort 

The BREAK/ABORT status bit is used in Asynchronous 
and SDLC modes but is always set to '0' in Synchronous 
modes. Both a Low-to-High and High-to-Low transition 
are guaranteed to cause the External/Status latches to 
close, and if the BREAK/ABORT IE bit in WR1 5 is set to 
'1', generate an External/Status interrupt regardless of 
whether another External/Status interrupt is pending at 
the time the transitions occur. If BREAK/ABORT Is de- 
tected while the latches are closed, the status will be 
saved and generate an interrupt for BREAK/ABORT de- 
tection upon issuing the Reset External/Status Inter- 
rupts. Asecond interrupt is generated for End of BREAK/ 
ABORT after issuig the next Reset External/Status Inter- 
rupts. In thef irst case, the BBEAK/ABORT bit will be set 
\o '\'i and inttie second (^siiA^W. This will guarantee 
that the BREAK/ABORT seqtience is detected correctly. 
A BREAK/ABORT occurrence will clear an End of 
BREAK/ABORT that is waiting to generate an interrupt. 
Therefore, multiple Break/Abort sequences while the 
latches are closed will generate only two interrupts, one 
for BREAK/ABORT detection, and one for End of 
BREAK/ABORT. 
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>1n Asynchrbo^s mode^this bit w§€^ Wl ta^' wh^n k 
break sequence tnuli character ptus^thmiing Error) is 
clere^eer(t.e:.,Rx0'{|Lowformorett®il<i%e full character 
time) in thetreceive data stream, remains set for as 
14>ng as Wcontinue to be received'.' It is reset when a '1 ' 
is received. Note that a single null character is left in the 
Receive Data FIFO each time a break condition is termi- 
nated. This character sHsiild be read and discarded. 

In SDLC mode, this status bit is set to '1' when an abort 
sequence is detected in the receive data stream and is 
reset when a '0' is received. Note that the receiver de- 
tects an abort pattern whether it is "in frame" or "out of 
frame," so to avoid confusion, the BREAK/ABORT IE bit 
in WR1 5 should be set to '1 ' in the SYNC/HUNT interrupt 
routine when the SYNC/HUNT status bit indicates that 
Jhe receiver is "In frame" iLe.. SYNC/HUNT^ stgu§, p 
transitions from High-to-Lowj, and sH9uiei^,be reset to '0' 
early in the EOF interrupt routine: — - 

Zero Count 

The Zero Count (ZC) status bit reflecfi^wheW'ftie laud 
•Rfete Generator counter reaeties a ftm^C 
status bit will be set to '1 ' when the zero count is reach®! 
and will be reset 16'*0' when the counter is re-loaded. TFfe 
External/Status latches will close only on the Low-to- 
High transition of this bit and, if the Zero Count IE bit is set 
in WR15, generate an External/Status interrupt. This 
status bit is not latched in RRO even though the External/ 
Status latches close siS ttesult oftne W^nsition. 

If there are no other External/Status interrupt conditions 
pending at the time the ZC status bit is set, an External/ 
Status interrupt will be generated. However, if there is 
another External/Status interrupt pending at the time ZC 
is set, no interrupt will be generated until the current inter- 
rupt sen/ice is complete. If the zero count condition does 
not persist beyond the end of the current intermpt service 
miVm m WeraiptwHI-be gerieratM-Tfe intermpt seiv- 
*e roi«iS!#ffi(u1i^fiea:tn«dther'Bil^i/Statu condi- 
■WSns fme^miQes. If none changed, the ZC was the 
fseure#ifqBferrupt. In polled applications, the IP bits in 
?RR3A should be checked for a status change before pro- 
ceeding a^ iri^he interrupt service routine. 
'1 •-■ ■ . ' ■. ... . '- ■ . 

Notethat while the Zero Count lEbtt in WR1 5 is reset, the 
ZC statusWwwi^a^a^'trgad '0\ . ; r. ^ 

The Tx Underrun/EOM status bit is used in SDLC and 
Synchronous modes of operation to control the transmis- 
sion of CRO characters. This bit is set to '1 ' when the 
Transmit Buffer and Transmit Shift Register go empty 
and is reset to '0' by issuing the Reset Transmit Under- 
run/EOM command in WRO. Only the Low-to-HIgh 
transition of this bit will cause the latches to close and, if 



the Tx Underrun/EOM IE bit in WR15 (D6) is set to 
cause an External/Status Interrupt to be generated. 

This status bit is always set to '1 ' in Asynchronous mode 
unless a Reset Transmit Underrun/EOM command is 
erroneously issued. In this case, the Send Abort Corn- 
mand can be used to set this bit to '1 ' andraf the sarfi% 
time, cause an External/Status Intermpt. 

Note that this bit will be set to '1 ' when either of the follow- 
ing occurs; 1) a Send Abort command is issued, 2) the 
transiBflter is disabled, or 3) a Channel or Hardware 
Res« is executed. 

Clear to Send r * 

TheCTS Status»fepoi«rpe Mate atta'^WffiKlifn 
the last time any ctf-the E )!»igli6i|g^ 
changed. Any transition on theCTS ptn, ^fl& na ot t^r 
interaipts are pending, latches the state of the CTS pin 
and generates an External/Status interrupt if the CTS IE 
bit in WR15 is set to ' 1'. H owever, only an odd number 
of transitions on the CTS pin while another External/ 
Status is pending will cause an External/Status interrupt 
after the Reset External/Status Interrupt command is 

If the CTS IE bit is reset, the CTS status merely reports 
the curr ent in verted unlatched state of the CTS pin; that 
is, H the 9l$^;^jyM!, tlje CTS staUf^ bfl: will be Hi|h.: 

Note that after the Reset External/Status Intermpt com- 
mand is issued, if the latches were closed, they will close 
again if there was an odd number of transitions on the 
CTSpin; they wUJ remain ppn if there was an even num- 
l^r of JraRSitiofti"^ the tepyt pin. 

Data Cari-Ier Detect I ' ^ ^ 



The DCD Status bit reports the state of the DCD input pin 
the last time any of the enab led E xternal/Status bits 
changed. Any transition on the DCD pin, while no ot her 
intermpts are pending, latches the state of the DCD pin 
and generates an External/Status intermpt if the DCD IE 
bit in WR15 is set to ' V. H owever, only aft«<a|d riutnbir 
of transitions on the'DCD pin While ariofriSr te^nw 
Status is pending will cause an External/Status inter- 
mpt after the Reset External/Status Intermpt command 
is issued,,, ,, 

If the DCD IE bit is reset, the DCD status merely reports 
the curr ent inv erted unlatched state of the DCD pin; that 
is, if the DCD pin is Low, the DCD Stalp Ml will be High. 

Note that after the Reset External/Status Intermpt com- 
mand is issued, if the latches were closed, they will close 
again if there was an odd number of transitions on the 
DCD pin; they will remain open if there was an even 
number of transitions on the input pin. 
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If careful atteritioiihis pefid to d^^, the interrupt service 
rounne for External/Status Interrupts Is straightfonward. 
To detennine which bit or bits changed state, the routine 
should first read RRO and compare it to a copy from 
memory^ For each changed bit, the appropriate action 
should be taken and the copy in memory updated. The 
service routine should close with a Reset External/Status 
Interrupts command to re-open the latches. The copy of 
RRO in memory should always have the Zero Count bit 
set to '0', since this will be the state of the bit after the 
Reset Extemal/Statgs Irtterrupts command at the end of 
the service routine. . 

BLOCK TIlAliSPiRS 

The sec offeiirssveralatematiyesfQF'ttiabiodctrans- 
fercifdata. ThevariousoptionsareiselectedviaWRI and 
WR 14 as shown below. 
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E ach ch annel in the SCC has two pins, DTfVREQ and 
W/PjEQ, which may be used to control the block transfer 
of data. Both pins in each channel may be prog ramm ed 
to act as DMA Request signals, and one pin (W/REQ) in 
each channel may be programmed to act as a Wait signal 
for the CPU. In either mode, it is advisable to select and 
enable the mode in two separate accesses of the appro- 
priate register. The first access should select the mode 
and the second access should enable the function. This 
procedu^ 
iorces \ 



\ j^reveij^ls glit^es on the output pins. Reset 



Wait on Transmit 

The Wait function on transmit is selected by pio0^am- 
ming WR1 as shown bekiw. 
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In this mode, the W/REQ pin carries the Wait signal, and 
is open-drain when inadive and ijowwlieii active. When 
the processor attempts to write to WRB p ransmil Buffer) 
and it isfull, the SCC will assert W/REQ until the buffer Is 
empty. This allows the use of a block -move Instruction to 
transfer the transmit data. W/REQ will go active in re- 
sponse to WR going active but only if WR8 (Transmit 
Buffer) is b eing a ccessed, either directly or via the point- 
ers. The W/REQ pin is released in response to the falling 
edge of PCLK. Details of the timing are shown In 
Figure 3-6. 

Walt on Receive 

The Wait function on receive is selected by programming 
WR1 as shmm beknv. . 
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WR1— Walt on Recehra Functton Selection 



In this mode, the W/REQ pin carries the Wait signal, and 
is open-drain when inactive and Low when active. When 
the processor attempts to read data from the Re ceive 
Data FIFO and it is empty, the SCC will assert W/REQ 
until a character has reached the top of the FIFO. This 
allows the use of a bloc k-move instruction to transfer the 
receive data. W/REQ will go active in response to RD 
going active, but only if RR8 (Receive Buffer) is being 
accessed, either directly or via the pointers. The W/REQ 
pin is released in response to the falling edge of PCLK. 
Details of the timing are shown in Figure 3^7. ■ 

DMA Requests 



The two DMA request pins^ W/REQ apd PJR/REQ. Cian 
be prog rammed to be used* £S liM|t:.!*ec|uests. The 
W/REQ pin can be used as e ither a transmit or a receive 
request, but the DTR/REQ pin can be used only as a 
.tr ansmit request. Hence, for full-duplex ope ration, the 
W/REQ pin shoukf be used for receive and the DTR/REQ 
pin used for transmit. These modesare described below. 

DMA Request on Tmtsa»imtBt0MXQ) 

Th e DM A Rec^est on Transmit function using the 
W/REQ pin Is enabled by programming WR1 as shown 
bek>w. 



WR1 — Walt on Transmit Functton Selection 
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WR1— DMA Request on Transmit Function Selectk>n 
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In this mode the W/REQ pin canries the DMA Request 
signal, which Is active Low . Wh en this mode is selected, 
t>ut n 3t yet dnab^, the W/RE Q pin Is driven High. When 
the e tidUe l>lt Is W/REQ will go Low if WR8 is empty 
at the time orw Hlrema tn High until WR8 becomes empty. 
Note that the W/REQ pin will follow the state of WR8 even 
though the transmi tter is disabled. Thus, if bit D7 of WR1 
is set to '1 ' (i.e., W/REQ pin is enabled) before the trans- 
mitter is enabled, the DMA may write data to the SCC 
prematurely. This will not cause a problem in Asynchro- 
nous mode but may cause problems in SDLC and Syn- 
chronous modes, because on enabling the transmitter 
the SCC will send data in preference to flags or sync 
char icters. It also mjQM^pmplicate the ORG initialization, 
whic 1 cannot be done utpi after the transmitter is en- 
abled, f I 

With only one exception, the W/R EQ pin directly follows 
the state of WR8 in tHi<|.mode. W/REQ goes Low when 
WR£ goes ektpty and refftains Low p ntil the WR8js filled. 
The : SCC generates only one falling edge on the W/REQ 
pin p er character requested. The timing for this is shown 
in Fi( jure 3-8. 

i -v. 

the one exoef^lon occurs at the end of CRC transmis- 
sion when the SCC is programmed in either SDLC or 
Synchronous Modes. At the end of CRC transmission, 
when the closing flag or sync c harac ter is loaded into the 
Transmit Shift Register, the W/REQ pin is pulsed High for 
on e POL K cycle. The DMA may use this falling edge on 
W/REQ to write the first c haracter of the next frame or 
block to the SCC. W/REO will go High in response to the 
falling edge of WR, but only when the appropriate WR8 
in the SCC is accessed. This Is shown In Figure 3-9. 



DMA Request on Transmit (using DTR/REQ) 

A s econd Req uest on Transmit function is available on 
the DTR/REQ pin. This mode is selected by program- 
ming WR1 4 as shown below. 
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WFi14— C^A R«quest on Transrtilt using DTR/REQ 



When this bit Is set to '1 ', the DTR/REQ pin will go Low if 
WR8 is empty at the time, or will go High until WR8 be- 
comes empty. While bit D2 of WR1 4 is set to '0', the DTR/ 
REQ pin Is used as a general-purpose output pin and fol- 
lows the inverted state gf bit D7 in WR5. This pin will be 
High after a di^ann^ ^i^rdwaie reset and in the DTR 
mode. 



In the DMA Request mode, DTR/REQ will follow the 
empty/non-empty state of WR8 even though the trans- 
mitter is disabled. Thus, if the DMA Requ^ finx^on is 
enabled before the transmitter is enabled, the DMA may 
write data to the SCC prematurely. This will not cause a 
problem in Asynchronous mode but may cause problems 
in SDLC and Synchronous modes because the SCC will 
send data in preference to flags or sync characters. It 
also may complicate the CRC initialization, which cannot 
be done until after the trans mitter is ena bled and idling. 
With only one exception, the DTR/REQ pin directly fol- 
lows thestate of WR8 in SDLC and Synchronous modes. 
DTR/REQ goes Low when WR8 becomes empty and 
remains Low until WR8 i s filled. The SCC generates only 
one failing ed£|e on the DTFVREQ pin per character re- 
quested ahd the timing for this iS shown in Figure 3-8. 

The one exception occurs In SPLG and %nclironous 
modes at the end of CRC transmission. At the end of 
CRC transmission, when the closing flag or sy nccharac- 
ter is loaded into the Transmit Shift Register, DTR/REQ 
is pulsed High for one P CLK c ycle. The DMA may use 
this falling edge on DTR/REQ to write the first character 
of the next frame or block to the SCC. 



DTR/REQ Deactivation Timing 

On the N MOS SCC, the DMA R eques t function on 
DTR/REQ differs from the one on W/REQ in that it does 
not go High immediately in response to the access which 
writes to WR8. This is because the registers In the SCC 
are not written during the actual access, but are delayed 
by some numb er of PCLK cycles. The DMA Request 
signal on DTR/REQ follows t he sta te of WR8 exactly 
while the Request signal on W/REQ goes inactive in an- 
tipipation of WR8 becoming full. The timing of the Re- 
quest signal on both pins is; shown in Figure 3^. 



This deactivation delay of DTR/REQ is unacceptable in 
applications where slower data rates are involved rela- 
tive to the processor. This delay can result in overwriting 
the Transmit Buffer because the DMA Controller may 
fecognize the continued active State of DTR/RiEQ as a 
request for more data., On the OMC^ SCC an option is 
provided that enables the deactivatio n de lay of 
DTR/REQ to be identical to that of the W/REQ pin. If 
SDLC mode operation is selected and bit DO of WR1 5 is 
set to '1 ', then bit D4 of WR7' can be used to alter the de- 
activation dela y. While bi t D4 of WR7' is set t o '1 ', t he 
deactivation of DTR/REQ«fill be identical to W/REQ. 
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Figure 3-6. DMA RequoBt on TVansmft Actlvatton 




CHAPTER 3 

I/O Programming Functional Description 



DMA Request on Receive (using W/REQ) ' 

The DMA Request on Receive function using ttie W/REQ 
pin is selected by programming WR1 as shown below. 
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WRI— DMA Request on Receive using W/REQ 



to this mode, the W/REQ pin carries the DMA Reque^ 
signal, whiChls active Lo w. Whe n fhte iiiode is set^ed, 
but not yet enabled, the W/RE Q pin is^ven High. When 
the enable bit is set, W/REQ will go Low if RR8 contains 

a character at the time, or will remain High until a 
character enters RR8. Note that the W/REQ pin will 
follow the state of RR8 even though the receiver is 
disabled. Thus, if the receiver is disabled but the DMA 
Request function is enabled, the DMA will transfer the 
pr evious ly received data correctly. In this mode the 
W/REQ pin directl y follow s the state of RR8 with only one 
exception. The W/REQ pin goes Low when a character 



and remains Low until this character is 
removed from the receive buffer . The SCC generates 
only cine falling edge on W/REQ per dhil^fitSr transTer 
requested and the timing forthis is shown in Figure 3-1 0. 

The one exception occurs in the case of a special receive 
condition in the Receive Interrupt on First Character or 
Special Conditiofi mode, o.r the Receive Interrupt on 

Speeiail Conditfdh 6'rtly rfidde. In these two intenupt 
modes any receive character with a special receive con- 
dition is locked at the top of the FIFO until an Error Reset 
command is issued. This character in the receive FIFO 
would ordinarily cause additional DMA Requests after 
the first time it is read. However, the l ogic i n the SCC 
guara ntees only one falling edge on W/REQ by holding 
the W/REQ pin High from the time the character with the 
special receive condition is read, and the FIFO locked, 
until after the Error Reset command has been issued. 
O nce the FIFO is unlocked by the En'or Reset Command, 
W /REQ again follows the state of the receive buffer. 
W/REQ will go High in response to the falling edge of RD, 
but only when the appropriate receive buffer in the SCC 
is accessed. This is shown in Figure 3-1 1 . 
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The sec provides two independent full-duplex channels 
programmable for use in any common asynchronous or 
synchronous data communication protocol. This in- 
cludes: Asynchronous, Synchronous MONOSYNC (8- 
bK sync character), Synchronous BISYNC (16-bit sync 
character), normal SDLC, and SDLC Loop Mode. 

Htjiior^iiiltd^on protocol deflnes^alset d rtjies lor the 
Msi1psN^rof.informatton betwedtt^ 
tr^ device^. All communication line protocols in the 
industry today exchange data in either an asynchronous 
or synchronous manner. Asynchronous transmission is 
used in several protocols including the TTY protocol 
while synchronous transmission is used in protocols 
which include: IBM BISYNC, Synchronous Data Link 
Control (SDLC), High-Level Data Link Control (HDLC), 
and Advance Data Communication Control Procedures 
(ADCCP). 

This section provides a brief overview of these protocols; 
however, if further information is desired the book titled 
"Technical Aspects of Data Communications" by John E. 
McNamara, publlsheid by Digital Press (DEC) 1982, Is a 

Asynchronous 

In Asynchronous transmission, as the name implies, 
fi^Cl) character is transmitted as an inde|}endei^^gtiW; 
n«t is, the^me belwreen ttie last bit of omt^iawinirwid 
the first bit of ano^er character can be variable. 

Since the receiver must be able to detect the beginning 
^eactkcluteactentrammMedrtiiis-mo^B^tii^^ at 
least one l^t be added at the start ^juid end^-jaach^. 
character for synchronization purpoisies. "7 

Synchronization at the receiver is accomplished by 
sensing th^ transition of the Statt-ttit for each character 
transTTTiltsd. The first data bit of the cRaiiacter is typically 
Sampled one and one-half bit times afterthe High-to-Low 



transition of the Start-bit, and each subsequent bit is 
sampled one bit time thereafter. The sampling of the bit 
occurs near the center of each bit to allow correct data 
recovery and typically occur? at some multiple of the data 
rate. Larger multiples allow acloserapproximaiionto the 
middle sampling. 

Figure 4-1 depicts atypical Asynchronous 10-bit format. 
Each 7-bit character is preceded by a Start-bit and 
followed by a Parity check bit and one Stop-bit. The Start- 
bit of the next character can occur anytime after the first 
Character's Stop-bit. TheJdJe state of the transmission 
line betweencharacters is always in a mark idle condition 
(i.e., TxD pulled High). 

Asynchronous communication channels are found In 
most distributed computer systems for terminal-to-com- 
puter comunications. The common "serial port" found on 
personal computers is an asynchronous port^lt is used to 
attach external Modems and printers, andtoiiiteifacethe 
personal computer to a minicomputer ton-usie as a 
terminal. . v • 

Synchronous Transmission 

Synchronous transmission requires that clocking infor- 
mation be transmitted along with the data, either by a 
method of encoding data that contains clocking informa- 
tion, or by a modem that encodes clock information in the 
modulation process. In either case, data are sent at a 
defined /ate which is controlled by a timing source at the 
trarisnriitter. - 

Synchfonous communication channels send data faster 
with less overhead than asynchronous channels but are 
more expensive to design than asynchronous channels. 
In synchronous communication, a timing reference, or 
"clock", is used to control the transfer of information. This 
clocit specifies to the receiver when to sample the data 
(bit synchronization) In order to ascertain which da^ 
value ('0' or '1 ') was transmitted. The optimum ^mpte 
times usually correspond to the middle of the bit cell to 
minimize error. This clock signal is encoded along with 
the data sent so the receiver must be able to decode the 



Start 



DO D1 D2 D3 D4 D5 D6 D7 



Stop 



Start 



DO D1 D2 D3 04 D5 D6 D7 



X - High or Low 



Figure 4-1. Asynchronous Format 
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incotning clock si^r^AcirGuit x^ea ^^'ipum^took^di ' 
ioopr is typically used for this purpose. 

In addition, since da^ rates are usually higher and data 
are Itypically selit writh^no gaps between characters, 
synchronous communication requires some level of 
buffering at both the transmitter and receiver. 



! bit synchroni^liSiMVKsas been established, the next 
phati^e for the receiver to l<now what group of bits 
constitute a character (Character synchronization). This 
requires that the receiver search the receive bit stream 
on a bit-by-bit basis for a character synchronizing patterri 
in order to determine which set of bits in the^bjt.strfain 
defines the first character transmitted. 

Synchronous communication channels are found in 
many mainframe data networi<s. The greater throughput 
of the synchronous channel Is required in mainframe 
environments where many terminals are connected to 
the computer and multiplexed onto one channel. The 
synchronous protocols used may be elthdf chairader- 
orier]ted or bit-oriented. 

Synchronous Character-oriented Protocol 

In a Character-oriented Protocol (COP) data are trans- 
mitted in message blocks and require that each block be 
preceded by either an 8- or 16-bit predefined "sync 
character. In addition, COPs are typicall/ restricted to 
half-duplex operation and depend heavily on special 
control characters or character sequences, such as SOH 
or DL;E STX and ETX, to determine the start and end of 
a particular field within a message block. IBM BISYNCis 
an example of a COP. MONOSYNC, on the other hand, 
is a character count protocol v^ere tx)th ends of tffe 
communication link keep track of the number of charac- 
ters sent and received. This solves the problem of having 
to use special control characters for field delineation as 
used in the BISYNC protocol. The DDCMP (Digital Data 
Communication Message Protocol) from DEC is another 
example of, a character count protocol in use today. 



Ml:n^Y»0afKi B^MC^^elsage foMKHs are shown 
in Figures 4-2 and 4-3, respectively. 

Since sync characters are only appended to the start of 
a message tdocK^ adcSlftinal sync characters may be 
inserted within a transmission at di^g^JjiQ}^ Iri^etryals or 
during a pause in order to maintaiitSyndMntzaUon: ' 

Synchronous Blt-Ortented 

Bit-Orfented Protocols (BOP) may be used in half- or full- 
duplex operation and are less depMdSnt on special 
control characters. @OPs rely inst^atfdif Sie positioin'of 
bits within sit3@effic fields. 

The most common BOPs in use tod^j;i(e HIgh-Leyei 
Data Link Control (HDLG) and Synchronous Data Link 
Control (SDLC) . These two protocols are nearly identical 
except for minor differences in the use of the Address and 
Control fields. 

All, SDLC information is sent in frames and follow a 
standard format as shown in Figure 4-4. SDLC frames 
begin and end with the 8-bit flag sequence, "01 111110." 
Ail stations on the link search continuously for this flag 
sequence which indicates the start of a frame and pro- 
vides the mechanism by which character synchroniza- 
tion is established at a receiver. Since data between 
flags may contain the flag pattem, the sequence of six 
consecutive one bits is prevented from occurring through 
a process called zero-t)it insertion, in which the transmit- 
ttrmascis azero bit after any five consecutive one bits. 
Llkewi^, ttiereosiver del@t^,ar^zeiO;mt,that foNows 
five consecutive one bits in tie bit stnanirMiiesn ttie 
opening and dosing flag of a frame. 



SYNC 



DATA 



CR6 



Figura4-2. 















EXT 




SYN 


SYN 


SOH 


HEADER 


STX 


TEXT 


■<m 
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sec 



- DIRECTION OF SERIAL DATA FLOW 



Figure 4-3. BISYNC Format 
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< FRAME » 




BEGINNING 

FLAG 
01111110 
8 BITS 


ADDRESS 
8 BITS 


CONTROL 
8 BITS 


INFORMATION 
ANY NUMBER 
OFSrTS 


FRAME 
CHECK 
16 BITS 


ENDING 

FLAG 
01111110 
8BrTS 



Figure 4-4. SDLC/HDLC Frame Format 
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The Frame Check Sequence (FCS) is 16 bits long and 
contains the generated CRC for the frame. All data 
ttansmttted between the opening and closing flags 
(wdtiding inserted zeros) are includsd in the CRC calcu- 
lation. The generator polynomial used in SDLC is 
CCITT polynomial, X" + X" + X» + 1 . 

Since the information field may contain any number of 
bits and ngU necessaffly an Integral number of 8-bit 
charadteisi file end of aframe is determined by counting' 
back 16 bite from the closing flag of a frame. 

in the sections that foliow, the: ^urti"''l^^ronous 
taode(s)' vfili be used to refer to (Htm ^nmb and/or 
MONOSYtilC modes, and SDLC mode wiitbe used when 

referring to normal SDLC operation. SDLC Loop mode 
will be referred to as either Loop mode or SDLC Loop 
mode. , - i . j 

MODE SELECTION 

The mode that an SCO channel operates in is selected by 
programming WR4 as shown below. Note that the 'x's 
indicate a don't care condition (i.e., bit setting are ignored 
by SCC) and '?'s Indicate programmable settings. 

Note that bits D7 and D6 of WR4 are ignored in SDLC and 
Synchronous modes because the xf ^ic^.^jn^W 
internally. .. - 
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REC^ER OVERVIEW 

The receiver performs all the functions necessary to 
convert serial data back to parallel forthe processor. The 
feodiwr bteck diagram is shown in Rgure 4-5. 

Serial data on the RxD pin is sampled on the rising edge 
of RTxC and passes through a one bit delay before either 
passing to the NRZI decode logic, or, depending on the 
mode, the Receive SYNC ftegister, 3-bit delay, or Re- 
ceive Shift Register. Oi^ a character has been as- 
sembled in the Ra^isfigijHl Respster it is transfenred to 
the 3 X 8-bit F^ec^^'bilta FIFO, and the Receive 
Character Available status bit in RRO (DO) is set to alert 
the processorthat a character is available. This arrange- 
ment creates a 3-byte delay time which allows the CPU 
time to sen/ice an interrupt at the beginning of a block of 
high-speed data. 

Every character transferred to the Receive Data FIFO is 
checked for errors, or Special Conditions, by the Receive 
Error Logic. This status is loaded into the Receive Error 
FIFO so that the status associated with each character 
can be read with that character through RR1 . If receive 
interrupts are disabled then reading a characterfrom the 
Receive Data FIFO moves the next character and its 
status to the top of the FIFO; so if status is needed for a 
character received, RR1 must be read prior to reading 
_BE1 pfioeive BiOler). If status is read after the data is 
wad, the error dstfa, if any, for the next character in the 
Error FIFO will>bfitinchided also. If, however, operations 
are being performed rapidly enough before the next 
character is received, then the status will be valid. 
However, if certain receive interrupts are enabled, the 
interrupt will not be generated until the character with the 
Special Condition is read from the Data FIFO. Because 
underthese conditions the FIFO is locked, and prevented 
from being updated, the status pertinent to the character 
read will be vaMmM an Error Reset command is issued 
via WRO. 

Rx Character Length 

The number of consecutive bits assembled in the Re- 
ceive Shift Register that form a character in all modes Of 
operation is controlled by bits D7 and D6 of WR3. Five, 
six, seven, or eight bits per character may be selected via 
these two tuts. The data plus parity bit (if enabled) 
received are right-justified in the receive buffer as shown 
in Figure 4-6. The SCC merely takes a snapshot of the 
receive data stream at the appropriate times, so the 
"unused" bits in the receive buffer are only the bits 
following the character in the data stream. 



WR4— Mode Settings 
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Figure' 4-5. SCC Receiver 
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Figure 46a, FiMBits/Cli8»«c!ter.<«MiJHufty' 



The character length may be changed at any time before 
the new number of bits have been assembled by the 
receiver. Care should be exercised, however, as unex- 
pecte^j results may occur if not properly timed. A repre- 
sentative example of switching from five bits to eight bits 
and back to five bits is shown in Figure 4-7. 



Rx Parity 

In all modes of operation bit DO (Parity Enable) of WR4 
determines whethera Parity check is done, if this bit is set 
to '1', the receiver calculates a parity check on every 
character received, as selected by bit D1 (Parity Even/ 
Odd) of WR4, and compares it with parity check bit 
transmitted. If a discrepancy is found the Parity Error 
status bit in the Receive Error Fl FO is set at the same time 
that the character is transferred to the Receive Data 
FIFO; otherwise, the c(iaraot{Br received will be assumed 
to be error free. 



Ai4 



CHAPTER 4 

QtfHcpWWniMwNkMS'MGKles Functional Description 



) J IKCEIVE DATA BUFFER 



TIME 



CHANGE FROM FIVE TO EIGHT - 



CHANGE FROM EIGHT TO FIVE- 
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E 



-u.'i . I M. 



28 27 26 25 24 23 22 I 5 BITS 



34 33 32 31 30 29 28 27 I S BITS 



E 



37 36 35 34 33 32 



Figure 4-7. Changing Character Lenglh; i^- ' 



The additional bit per character wili be visible in the 
Receive Data FIFO if the data plus parity is eight bits or 
less. The parity bit will not be visibt8When-ther9are"eight 
data bits per character. 

The Parity Error bit in the Receive Enor FIFO may be 
programmed to cause a Special Condition intermpt by 
setting bit D2 of WR1 to '1'. If this interrupt mode is 
programmed, and a Parity Error is detected, an interrupt 
will not be generated until the character associated with 
the Parity Enor is readfromthe Receive Data FIFO. This, 
or any, Special ConcStion Interrupt locks up the Data 
FIFO, and the Parity Error l>it remains latched until an 
Error Reset command Is Issued by the processor via 
WRO. 

If intermpts are not being used to transfer data (i.e., 
Receive Interrupts Disabled mode) an interrupt will not 
be generaUd and any error status must be otitained by 
ponng Rno). or reading RR2 (channel B). In this case, if 
status to be 'Chdcked, It must be done before the data 
are read, because the act of reading the data moves the 
next characterand status to the top of the Data and Error 
FIFOs. Nole thai Parity is normally not us«l in SDLC 
modes. ' 



The sec provides up to three Modem control signals 
associated with the receiver in Asynchronous mode, and 
two in ^DLC and Synchronous modes. 



In Asynchronous Mode, the SYNC pin Is a general- 
purpose input whose state is reported via the SYNC/ 
HUNT status bit in RRO; however, if the crystal oscillator 
is enabled, this pin is not available and th e SYNC /HUNT 
status bit is forced to '0'. Othenwise, the SYNC pin may 
be used to carry the Ring Indicator signal. In SDLC and 
Sy nchrono us modes, except for External SYNC mode, 
the SYNC pin is configured as an output. 



The DTR/REQ pin carries the inverted state of the DTR 
bit in WR5 (D7) unless this pin has been programmed to 
carry a DMA Request signal. The DCO pin orcSnarily 
a general purpose input to the DCD status bit in RRO. 
However, if the Auto Enables mode is selected (t>y 
setting D5 of WR3 to '1 '), this pin becomes an ena ble for 
the receiver. That is, if Auto Enables is on and the DCD 
pin is HIGH the receiver will be disabled; while the DCD 
pin is LOW the receiver will be enabled. Note, however, 
that in all modes of ope ration , the Receiver Enable bit 
nujst be sA before the DCD pin can be used in this 
manner. 
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The transmitter performs all the necessaiy functions to 
convert parallel data from the processor Into the appro- 
priate serial bix streams. The transmit data path is shown 
in Rgure 4-8. 

The transmitter has an 8-blt Transmit Data register 
(WR8) which is loaded from the internal data bus, and a 
Transmit Shift Register which is loaded from either WR6, 
WR7, or the Transmit Data Register (WR8). 



Serial data transitions on the falling edge of TRxC begin 
when data written to WR8 are transferred to the Transmit 
Shift Register. Each time a character is transferred from 
WR8 into the Transmit Shift Register a Transmit Buffer 
Empty indication is given via bit D2 of RRO. This double 
buffering allows the processor one full character time to 
respi >nd with the next character without intermpting data 
transmission. ~" " .' 



nrsi \f.e. uu oeiore ui , eic; lor as many ons as pro- 
grammed. This requires that data written to the Transmit 
Buffer be rightfjstified if character length is less than 
eight bits. 

Tx Character Length 

The number of bits transmitted per character and the way 
the data are formatted within the transmit buffer is con- 
trolled by bits D6 and 05 of WR5. These bits provide the 
optionof five, six, seven, or eight bits percharacter. Being 
able to transmit less than five bits per character is 
possible on the SCC if the five bits per character length 
is programmed and the data are formatted before being 
written to the transmit buffer, as shown In Tstks 4-1 , to 
inform the SCC of the actual number of bits to be 
transmitted. " ' ' -^ 
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Table 4-1. Data Format — Five Bits or Less 
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Ttie serial data stream sent by ttie transnMKlor the six 
bits/character with parity case is shown below in Figure 
4-9. All the unused bits are ignored by the transmit logic 
ejccept inthe case of five bits per character. 
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D4 
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DO 
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Figure 4-9. Six Bits/Character with Parity 



The character length may be changed at any time , but the 
desired length must be selected before the character in 
the transmit buffer is transferred to the the Transmit Shift 
Register. The easiest way to ensure this is to write to 
WR5 to change the character length before writing the 
data to the transmit buffer. -j. sr-r, 

Tx Parity 

in all modes of operation bit DO (Parity Enable) of WR4 
d9ternilnes whether an additional bit will l3e appended to 
%MSh ctiaracter sent as an indication of the "oddness" or 
"Evenness' of the number of '1' bits transmitted in the 
oiiaracter. tfthfs bit isset to '1 ' an additional bit will be sent 
m mmmt of- Ms #iCiM W fil^, or by 

.. v|, , , ,.V . ■ n'-^ .i^C S--r,J 

pl^tVm^Ji^Wi'iim the eiienAxJd s^ise of this 
additioi^bHwhefiParRyis enabled. If thist>itissetto '1', 
the transmitter adds a bit that makes the total number of 
'1 ' bits in the character being transmitted even; if set to '0', 
a bit will be added to mal<e the sum-j^ 'l'.|>|5'i<i^;tt}9> 
character being transmitted odd. 

Break Generation 

The transmitter may be programmed to send a breal< 
condition (i.e., the TxD pin is pulled Low) in all modes of 
operation via bit D4 of WR5. When this bit is set to '1 ', the 
transmitter suspends any data being transmitted at the 
time and sends continuous 'O's from the first transmit 
clock edge after this command is issued, until the first 
transmit clock edge after this bit is reset, at which point 
the transmitter continues to send the contents of ttie 
Transmit Shift Register. The transmit ck>ck edges re- 
tarred to hdre are those that define transmitted bit cell 
boundailee. Note that the TxD pin wiitt ^ pitted Low 
whether on not the transmitter is eniMli. 



•mai jiiii ( MiiiilwiJ^ ttoi 

There are two modem control sig nals a ssociated with the 
transmitter on the SCC. The RTS pin is a general- 
purpose output that carrie s the inverted state of the RTS 
bit jn WRS (PIJ, and the CiJg pin is s^general-pucpQSft: 
input to the CIS status Ulin^RRO (D5). FtoMN^rer. if thc^- 
Aut o Ena bles Mode is selected (by setting D5 of WR3 to 
'1 '), CTS becomes an enable for t he tra nsmitter. That is, 
if Auto Enables is on and the CT S pin is HIGH the 
transmitter will be disabled; while the CTS pin is LOW the 
transmitter will be enabled. Note, however, that in all 
nudes of oper ation , the Transmitter Enable bit must be 
set before the CTS pin cai^.used in this^nanner^ . 

If the SCC channel is programmed in Asyn chron ous 
mode, and the Auto Enable bit is set to '1 ', RTS will 
remain Low until the transmitter is completely empty and 
the last stop bit has left t he Tx D pin. In SDLC and^ 
synchronous modes, th|"Mts pin,')Si j||4f ^^^isrterar-' 
purpose output. " 



Auto RTS Reset 

On the CMOS SCC, if bits DO of WR15 and D2 of WR7' 
are set to '1 ' and the channel is in SDLC Mode, the RTS 
p^may bfiJ^^^rly in the Tx Underriin routine and the 
RTS pihiml^^ein active until tlie last zero bit of the 
closing flis^ lMMSlhe^tXD pih as shown in Figure 4-10. 

Note that in orderforthis to function properly, bits D3 and 
D2 of WR1 must be set to '1 ' and 'C, respectively. 
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ASYHCHRONOUSMODEtJPi^tr®!?^ 
Receiver Operation 

In Asynchronous mode, the receiver establishes bit and 
character synchronization by sensing the High-to-Low 
transit on of the Start-bit for each character. When the 
Start-tiit is detected a clock circuit is initiated and the 
receivsr waits one-half a bit time'^before sampling RxD 
again to ensure that RxD is still Low. If RxD is LoWi the 
receiv sr assumes that it is the middle of the Start-bit and 
one bit time later begins to assemble the specified 
number of data and Parity (if enabled) bits. During 
reception, the Start and Stop bits are stripped leaving 
only tfie data and Parity (if enabled and with less than 8 
bits/character option selected). Once the character is 
assentibled, the receiver samples RxD one more bit time. 
If RxDms Low, the Framing Error bit is set and is passed 
to the Receive Error FIFO at the $ai;ne time the character 
is transferred to ttte Receive DiMf^iFO. If the RxD is 
High, the receiver retupsia the quiescent marking state 
until tlie next High-to-Low transition is detected on the 
RxD piin. 

In this; mode, serial data enters the 3-bit delay if the 
chara:ter length of seven or eight bits is selected. If a 
character length of five or six bits is selected, data enters 
the Receive Shift Register directly. 

Rece'ver Inltlattzatlon 

The ir itialization sequence for the reeeiverin Asynchro- 
nous Tiode is: WR4 first to select the mode, then WR3 
and WR5 to select the various options. At this point, the 
other registers should be initialized as necessary. When 
all of this is complete the receiver may be enabled by 
setting bit DO or WR3i1® 'f. 

Framing Error 

W aft( r assembling the selected number of bits per 
character the Receiver finds the Stop bit to be a '0', the 
Framing Error bit in the Receive Error FIFO is set at the 
same ^ime that the character is transferred to the Receive 
Data [^IFO. This error bit accompanies the data to the top 
of the FIFO, where it generates a Special Condition 
interrupt (if enabled). This Framing Error bit is not 
latched, and so must be read in RR1 before the accom- 
panying data is read in the Receive Data FIFO. Detection 
of a Framing Error adds an additional one-half bit to the 
chara ::tertime so thatfiii Piling Erroris not interpreted 
as a new Start le 



Break Detection 

A break condition is recognized when a null character (all 
'O's) plus a Framing Error is detected by the receiver. 
Upon recognizing this sequence, the BREAK/ABORT 
status bit in RRO will be set and remains set until a '1 ' is 
received indicating that a break condition is no longer 
present. Note that at the termination of a break, the 
Receive Data FIFO contains a single null character, 
which should be read and discarded. The Framing Error 
bit will not be set for this null character, but if odd parity 
has been selected, the Parity Error bit wUIbe set. Caution 
should be exercised if the receive d^a Kris contains a 
switch that is not debounced to generate breaks. Switch 
bounce may cause multiple breaks, recognized by the 
receiver to be additional characters assembled in the 
Receive Data FIFO. It may also cause a Receiver 
Overrun condition to be latched. 



Clo^SM^tton 



When an SCC channel is programmed in Asynchronous 
mode it may be programmed to accept a transmit/receive 
clock that is 1 , 1 6, 32, or 64 times the data rate. This is 
selected by bits D7 and D6 in WR4. The clock factor 
chosen will be common to both the transmitter and 
receiver. 

The x1 mode in Asynchronous mode is a combination of 
tx)th synchronous and asynchronous transmission. The 
data are clocked by a common timing base, but charac- 
ters are still framed with Start and Stop bits. Because the 
receiver waits for one clock period after detecting the first 
High-to-Low transition before beginning to assemble 
characters, the data and clock must be synchronized 
externally. Thext rriode Is the only mode in which a data 
encoding method othersthan NRZ may be used. 

In SDLC and Synchronous modes bits D7 and D6 of WR4 
are ignored because the x1 clockf s fsriced ternally. ^ 



Trar^mitter Operation 



•n'r 



In Asynehionousjmode. WB6 aniWWajfe not used atjd 
the Transmit Shift Reglst^Fis formatted, with Start and 
Stop bits before data are shifted out to the transmit 
multiplexer at the selected clock rate. Asynchronous 
data leaves the Transmit Shift Register and goes directly 
to the Transmit Multiplexer. CRC generation is not 
supported in this nnode. 
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fnumniner miOaltaUon i.<.<-- 

The initialization sequence for the transmitter in Asyn- 
ctMonous nrode is: WR4 first to select the mode, then 
\lMS^iWR5 to'^leitther variousopttons. At this point 
the other registers shbiild ibe initi£ilized as necessary. 
When all of this is cornplet^, the transmitter may be 
ej^led by setting bit D3 di WR5 to '1 '. 

iSli'tepaMiithetrsnsmtttec is enabled aPdth&Tx&eot 
wit remain Hi«h»inaiMiigitM^h);itateJ««l^ 
&mtsfSm is written to WR8, it is transtensd to the 
Ifin^itShiftRisgisterandfheTransinriiteaf^rEmptybit 

is set to '1'. A Parity bit (if enabled), Start-bit, and the 
selected number of Stop bits are then appended to the 
character. Afterthe character has been completely sent, 
the next character is transferred to the Transmit Shift 
Register and the process continues. When no more 
characters are to be transmitted (i.e., the transmitter is 
completely empty), the All Sent status bit in RR1 (DO)*!!! 
be set when the last Stop bit reaches the TxD pin. TWe 
bK can be used by the processor a»an indication that the 
tistnsmKter may be safely disabled. The TxD pin ttien 
remains in (he marking state until thi^Tf^chaffS^^PS 
written to WfW. 

Stop Bit Selection 

The sec provides three Stop-bit options via bits D3 and 
^MiltBA„ The opfions.ayailable.m.oiie, one-and-a- 
hMLortwostopbitspercharacter. These;^MsinWR4 
%|ljct gtily th$.nunibe.r p^^ 

the receiver ahways checks for one Stop Mt. istote that the 
selected clock factor may restrict the number of Stop bits 

that may be transmitted. In particular, when the clock rate 
and data rate are the same (i.e., x1 mode), one-and-a- 
half Stop bits are not allowed. If any length other than one 
Stop bit is desired in the x1 mode, only two Stop bits can 
be used. 

SDLC MODE OPERATION 
RecelverOperafion ^ .. 

Receiver operation in SDLC mode begins in aHiunt mode 
where the communications line is monitored for a syn- 
(JiFohlzitigtlalemQn abit^-^ The receiver may 
iM^ptafieclifiiHuntJDOde tiavin9.ttie processor issu& 
the Enter Hilint Mode command via bit D4 in WR3, but will 
always start out in Hunt mode when it is enabled. The 
Enter Hunt Mode bit in WR3 is a command so writing a '0' 
to it has no effect. 



Tbe Hunt status of the receiver is reported byrthe SYNC/ 
HUNT status bit in RRO. In SDLC mode, this status bit will 
be setto '1 ' when either; 1 ) the processor issues the Enter 
Hunt Mode command, 2) the processor disables tlte' 
receiver, or 3) an abort is detected. It will be resSTtO 'b" 
when the receiver leaves Hunt mode, orwhenthe'ktitjrt 
condition goes away. 

Unlil<e Synchronous modes, once the SYNOHUNT 

status bit is reset it does not need to be set again in. 
between frames because the Receiver always maintains 



This SYNC/HUlf iKUus bit is one of the possible 
sources of ExtemalHStatus interrupts, with txDth transi- 
tions causing an intemjpt. This is true even if the SYNC/ 
HUNT bit is set as a result of the processor issuing the 
Enter Hunt Mode command. 

While in Hunt mode the Receive SYNC Register and 
WR7 are used in establishing character synchronization. 
As data are received, the receiver searches for the bit 
pattern, '01111110', programmed in WR7. This se- 
quence of six consecutive '1' bits Is prevented from 
occurring randomly elsewhere in the frame through a 
process called zero-bit insertion in which the transmitter 
inserts a '0' bit after five consecutive 'V bits, irrespective 
of character boundaries. In turn, tiie' receiver always 
searches the reefeive iatii^reartidH a liit-by-bit ba^isfor 
five conseeutive-l^.-'When the receiverdetectsa '0* bit 
followed by five '1 ' bits, it inspects the following bit. If it is 
a '0', the one bits are passed as data and the zero bit is 
deleted. If the sixth bit is a '1 ', the receiver inspects the 
seventh bit. If it is a '0', a flag has been encountered and 
the receiver is synchronized to that flag: if it is a '1' an 
abort or an EOF (End of Poll) has been encountered. 

When a flag is detected and Address Search mode is not 
enabled, the receiver leaves Hunt mode and character 
assembly begins with the first non-flag character. Once 
character assembly begins characters are assembled 
according to the number of bits per character specified 
until: 1) an end of frame flag is detected, 2) an abort 
pattern is detected, 3) Xpe receiver is disabled, or 4) a 
(^n'nel or fmedtmttMK^et is executed. 

All data passes through the Receive Sync Register and 
the 3-bit delay before entering the Receive Shift Register 
once synchronization is achieved. Ordinarily, the re- 
ceiver transfers all data between flags to tbe Receive 
Data FIFO, but while it is in Hunt mode no flags will bfe 
transferred. 
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Ftag ifetect (kMpat 



lri,SDL,C mode, if bit D7 of WR1 1 is set to '0', tfie SYNC 
pin will be configured as an output and the SCC will drive 
it Low. every time a flag pattern is detected in the data 
^am. Ti^ laming for Vnp SYh^ signal is shown in 
Rgura4-11. 

fteceiffer InttbUzatlon 

The initialization sequence for the receiver in SDLC 
rhode is: WR4 first, to select the mode, then WR10 to 
modify it if necessary, WR6 to programthe address, WR7 
to program the flag and WR3 and WR5 to select the 
various options. At this point the other registers should 
be initialized as necessary. When all of this is complete, 
the repeiver may be enabled by setting bit DO of WR3 
to'1" 



10x1 



Bit Frame Status FIFO 



In addition to the 8-bit Receive Data and Error FIFO's, the 
CMOS SCC Receiver incorporates a 14-bit receive byte 
counter and a 10x19-bit FIFO array for storing frame 
status for up to ten frames. This FIFO enhances the 
SCO's ability to receive high speed bacl<-to-back SDLC 
frames by minimizing frame overruns due to CPU laten- 
cies in responding to interrupts. The block (Sagram()^the 
10xl4-bit FIFO is shffwn iti Figure 4-1?, 



FIFO En^nng/Dlsabttng • ••. 

This Frame Status FIFO is enabled through WR1 5 bit D2 
but only when the SCC is programmed in SDLC mode. 
Since each channel incorporates this FIFO, each can be 
enabled and disabled independently. 

Resetting bit D2 of WR15 disables and resets the FIFO. 
Table 4-2 tabulates the enabling/cfisabling of channel 
FIF;Qs. NotethattheFIFOpointerlogiGiisiBsetwijtien D2. 
(tf Wl^15 i8 i!esetoraft$r:a po«»erk>n ri60tr -^^^ 

When the Waam Status FIFO is d Sittiied, ttie CMOS' 
SCC Is completi^ downward compatible with the NMOS 
SCC, and the status register contents bypass the FIFO 
and go directly to the bus interface as shown in 

Figure 4-12. 

The status of the FIFO Enable signal can be obtained by 
reading bits D2 of RR15 through their respective chan- 
nels. If the FIFO is enabled, this bit will be set to '1'; 
ottmmlse. it wU be set to "O'. 

'ii' .y . ■ ' . . , ,....[-.:" 

Fmy-fleaaOpen^n- . a > 

To facilitate the use of these FIFOs, two new li 
were added. These registers, RR6 and RR7, areaoces- 
sible only when bit 2 of WR1 5 is set to '1', and the SCC 
is programmed in SDLC mpde. - 
-i , t;—^ - " ■ - , ■ \ _ 



Table 4-2. Frame Status FIFO ^lubllng 



WRISAfPg^ WR1SBm2^ 



Pperatten • 

Ch.A and Ch.B FIFOs disabled and reset 

Ch.A and Ch.B FIFOs enabled but not independent (resetting D2 or WR15A resets 
t)Oth FIFOs simultaneously) 

Ch.A and Ch.B FIFOs enabled and independent (resetting D2 in either channel 
resets only pertinent FIFO) ' 
Ch.B FIFO enabled only 



■BTxC 



^ ^ - ^ - - 




DATA2 



X 



Figure 4-1 1 . Flag Etoteet Timing 
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5 Bits 



EOF = 1 



2Bite 



— \r 

6-Bit I^UX 



6 Bits. 
RR1 



Bit? 



Bite 



' '8 Bits 



Bits 0-5 
RR7 



EN 



End of Frame Signal- 
Status Read Comp - 



Tail Pointer 
4-Bit Counter 



Head Pointer 
4-Bit Counter 



4-Bit CompEiratoK 

Over Equal 



RRsr 



FIFOEnal^ 



IntwfecatoSCC 



— ~. Byte Counter Contains 14 BHs for 

a 16-Kbyte Maximum Courrt 

FIFO Data Available Status Bit 

Status Bit Set to 1 

Vnm Reading From FIFO 



FIFO Overflow Status Bit 
ftSB df RR(7) is Set on Status FIFO 
I Overflow 

in SDLC Mode the Following Definitions Apply 

• Ail Sent Bypasses MUX and Equals Contents of SCC Salus Ragistsr, 

• Parity Bits Bypasses MUX and Does tfie Same 

• EOF is Set to 1 Whenever Reading from the FIFO 



WR(15) Bit 2 
Set Enables 
Status FIFO 



Figurs $!l2i40KI9-eit Frame St«itus FIFO 
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Wh enthis FIPi§lanMKdsled;RR6aocommodatesthe LSB 
bytp count from the 1 4-bit byte counter and RR7 accom- 
modates the MSB byte count along with FIFO availability 
and Overflow status. Figure 4-13 shows the details of 
these registers including WR15. 

If frame status is to be acquired from the 10x1 9-bit FIFO, 
It must be enabled and not empty, and the registers must 
be read in the following order: RR7, RR6, and RR1 
(reading RR6 is optional). Accessing RR7 latches the 
FIFO Empty/Full status bit (D6 of RR7) and steers the 
status multiplexer to read from the 10x19'43it FIFO array 
instead of from the 8-bit Status FIFO. 

Reading RR1 immediately after RR7 causes one loca- 
tion of the FIFO to be enfptied, so status should be read 
after reading the byte count; othenvise, the count will be 
incorrect. Ifthe FIFOgoesemptywhen RR1 is read, the 
FIFO is disabled and the next read of RR1 will be directly 
fron ithe 8-bit status FIFO, and reads from RR7 and RR6 
Willi »ntair;bitstii£aareuiKtefineEl. Todetennine if status 
dat£ , Is corliing from the 10x194iit FIFO or directly from 
the status register the user should check bit D6 of RR7. 
If thte bit is set to '1 ' the FIFO is not empty; if set to '0' the 
FIF4> is empty- 



Since not all status bits of RR1 are stored in the Frame 
Status FIFO, the All Sent, Parity, and EOF bits bypass the 
FIF( > and are stored in the 8-bit ^atus FWQii The status 



bits stored in the 10x19-bit FIFO will be the Residue, 
Overrun, and CRC status bits. Note that the EOF 
interrupt is generated the same way as before. 

FIFO Write Operation 

When an EOF Is detected, and the FIFO is enabled, the 
five status bits and byte-count are loaded into the FIFO, 
and the FIFO pointer Is incremented. If the FIFO 

overflows, bit D7of RR7 (FIFO Overflow) is set to indicate 
the overflow. This bit and the FIFO control logic is reset 
by disabling and re-enabling the FIFO control bit (WR15 
bitD2). For details of FIFOcontrol timing during an SDLC 
"frame, referfo Rgure 4-14. | 

14-BM Byte Counter [ 

The 14-bit byte counter allows for data frames of up to 
16K bytes to be received. It is enabled when bit D2 of 
WR15 is set to '1 ■ and the SCC is in SDLC mode. It is 
reset whenever an SDLC flag character is received. The 
reset is timed so that the contents of the byte counter are 
successfully written into the FIFO. 

The byte counter is incremented by writes to the 8-bit 
receive Data FIFO. The counter represents the number 
of bytes received by the SCC, rather t>^ jthe Jiumber of 
bytes transferred from the SCC. (These courtts may 
differ by up to the number of bytes in the receive data 
FIFO contained in the SCC.) 
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Figure 4-13. Frame ^tus HFO RagMars 
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Figure 4-14. Frame Status FIFO Control Timing 



Address Search Mode 

TTte-ftrif'S-btt riaii-ftag isharacter 1b1l6\iiHrig the opening 
||^.0t,^ frame is assumed by ttie SCC to be the address 
61 the station for which the frame is intended. The SCC 
provides several options for handling this address via bits 
D2 (Address Search mode) and D1 (SYNC Character 
tj^iad inhibit) of WR3. 

if the Address Search mode is enabled, the receiver's 
address recognition logic will be enabled andthe receiver 
will compare the first 8-bit non-flag character with the 
contents of WR6. If these two characters match, or if the 
received character Is the global address (all 'l's), data 
are passed to the Receive Shift Resnster and,Olia;acter 
^senibiy begiRS., If no , match is l|^0(^^^0 raeeiver 
remains in l-lunt mp0e and no dafa are passed to the 
Receive Shift Register, glottal address is used in 
applications where a specific station address is not 
l^nown, as might be the case in a switched connection, or 
when a broadcast frame is sent to all stations. Address 
Search mode will be enabled when WR3 is programmed 
as shown below. 



The address comparison will be across all eight bits of 
WR6 when the Sync Character Load Inhibit bit (D1 in 
WR3) is set to '0'. This comparison may be modified so 
that only the four most significant bits of WR6 must match 
the recelvedaddress. This mode is selected by program- 
mitift Wj^ as ;^iQwn bpi^. 



»!>fi\v_'. D7 D6 DS D4 03 D2 D1 DO 



Ml 
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WR3— i3sglst«r UyQitf 



In this mode, however, the address fi^ ls Still «^ht fcHts 
wide. Regardless of the mode erKdrted, the address field 
is not treated differently than data and is always trans- 
ferred to the Receive Data FIFO in the same manner as 
data. Note that Address Search mode is available only 
iniSOLC mode. 
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WR3— Register Layout 



A^mmieeUon 

In addition to monitoring the data stream for flags, the 
receiver also monitors the line for an abort pattern. An 
abort is detected when seven consecutive '1 's are found 
in the data stream. This is usually an indication sent by 
the transmitter alerting the receiver that the frame cur- 
rently being received has been aborted and should be 
discarded. 



r 
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detection of an abort is reported in the BREAK/ 
sta&fS tJttJntF^po (D7). This status bit is one 
of Qdidi^f^^piitus interrupts, so transitions of this 
bit tnof be programmed to cause interrupts. 



The 

ABORlT 
source I 
status 

An atort automaliGally foises the receiver into Hunt 
mode and seislheSVNOHUNT status bit in RRO (D4) to 
'1'. Because this status bit is aiso a possible External/ 
Status condition, its transition may aiso be programmed 
to cause an interrupt. Thus transitions on both the 
BREAK/ ABORT and SYNC/HUNT status bits may occur 
very close together, and either one or two External/ 
Status Intermpts may result. 

The BREAK/ABORT status bit will be reset when a '0' is 
received, either by the abort itself going away or as the 
leading 'O' of a flag. In either case, the SYNC/HUNT 
status bit will remain set until the receiver leaves Hunt 
mode. Because both transitions on the BREAK/ ABORT 
status bit are guaranteed to cause an interrupt, two 
discrete Extettial/Status Interrupts will occur; one when 
the aport is detected and one wh^^t) abort gees away. 

Note that the SCO does not discriminate between an in- 
f rame| (between opening and closi ng flags) and an out-of- 
frame (after EOF^ abort. An abort detected while the 
recei\ er is In-FnEUfie ti^nates frame reception, but not 
in an orderly mdimer.'ti^use the character being as- 
semb led is lost and the Receive Data Fl FO is not flushed. 
An ou t-of-f rame aboiX interrupt will bS'generated approxi- 
mately seven bit times after EOF has been detected if the 
transmitter mark idles. It an out-of-frame interrupt is to be 
avoided it should be disabled early in the EOF interrupt 
routine. Because the BREAK/ABORT status bit is not 
latched in RRO, it may happen that this status bit will be 
reset by the time the software responds to the interrupt, 
causi ng yet another interrupt. In this case, unless the 
DCD pin has been programmed as the, receiver Auto 



Enable, the SYNC/HUNT status bit may be able to 
provide the indication that an abort pattei n was received, 
since an abort condition placbs ftie Moaim t) Hunt 
mode. 

Residue Bits 

Since the infonnation field of an SDLC/HDLC frame can 
contain any number of bits and not peeessartly an Inte- 
gral number of 8-bit charao^rs, the end of f^a is 
detennlned by counting bacj< 16 bitsfr@mffte closing flag 
of a frame. The SCO provides three Residue bits that can 
be used to indicate the tjoundary between the data and 
CRC characters in the last few bytes read from the 
Receive Data FIFO. The meaning of these Residue bits 
with each character length option is shown in Table 4-3. 
In this table "previous byte" refers to the character re- 
ceived prior to the end ci frame flagJ^gBSliitiiitad. 

The Residue Code bits are not loaded through the top of 
the Receive Error FIFO. They change in RR1 when the 
last character of the frame is loaded into the Receive 
Data FIFO. If there are any characters already in the 
Data FIFO, the Residue Code will not be valfd until the 
EOF status bit is set in RR1 . 

SDLC Mode CRC Polynomial Selection 

CRC error checl<ing is done with a 16-bit CRC character 
inserted between the end of the data field and the end of 
frame flag. In Synchronous modes, a control character is 
usu ally used to signify when an end of message has been 
received (i.e., ETX, EOT, etc-). TtUs eontrol charactdr 
comes before the CRC character^Y'i^'oti reception, the 
CRC calculation can be stopped and the transmitted 
CRC characters are compared with the CRC characters 
generated by the receiver. This cannot be done in SDLC 
mode, since the end of frame flag is after the CRC 



Residue code 



BKs In Previous 
Byte 
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Previous Byte 



BHs In Third 
Previous Byte 



1 2 
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characters. In order to use the same core hardware 
configuration already used in Synchronous modes, 
SDLC mode requires that the transmit CRC generator be 
preset to all '1 "s, and the complement of the CRC result 
betransrnltted. On reception, the receive CRC generator 
iwst al$b tiepreset to all '1 's and, wl)^^ thjB end of frame 
is d^fil^ecri tfir ns$uH li.titteiMI^''iigainst the bit 
pattern '0001110100001111' to aortal n frame integ- 
rity. This is consistent !iii^h:frther btt-oriented protoojis. 
sueha^j^ffiie andAOecP, i j 

Sgcausie tUd Utpattem mesi by th& receiver for CRC 
error checking is based on an industry standard polyno- 
mial, only the CRC-CCITT polynomial (X"+X'»4-X»+1) 
can be used in SDLC mode. 

The CRC transn^ssion ar^ CRC-CCITT polynoniat iri 
enabled bjf pmiramming WR5 as^sibqwn below- 



D7 D6 D5 D4 D3 D2 Dl DO 



wns 



? ? ? ? ? ? 1 



893 29 



WR5— Register Layottt 



Rx CRC Initialization 

Bit D7 of WR10 controls the initial state of both the 
transmit and receive CRC generators. Atthough the 
transmit and receive generators mail be pro^at: to either 
alt 'O's or all '1 's, SDLC operation requlfi&s that this bit be 

set to '1' for proper error detection. 

The receive CRC generator will be automatically preset 
viiienever the receiver Is in Hunt ,mode, or a flag is 
detected so a Reset CRC CheckeKcommaQdstjoiJld not* 
be necessary. It may, however, bre'''preset'^«^#(^r 
necessary by issuing this command In WRO. 



In SDLC Mode, the SCC always calcutates CRC on all 
bits, except inserted zeros, between the opening and 
closing flags of s^f^ai^^^ Rx CRC Enable bit in WR3 
(D3) is ignored. . , '. .1 J 

CRC Error , !^ . r , ^ 

i> r- irr ■' ■ c ■ ■ • 

wheTrifie etid ertteffiirftag is detected, the crc Enorbit 
is loaded into the Receive Error FIFO at the same time 
the character in the Receive Shift Register is transferred 
to the Receive Data FIFO. Since this CRC En-or status 
bit is not latched internally, it will usually always be set to 
'1 ' in RR1 , since most bit combinations, except for a 
correctly completed frame, result in a non-zero CRC. 
Hence, the CRC Errdr bit should not be considered valid 
Mlthe EOF status bit is set to '1' in RR1, and should be 
Ignored at all other times.^^ j - " " ~ i 

Character Re^^m 

On the NMOS SCC, when the end of frame flag is 
d^ected the cor^nt^if ttp Receive Shift Register are 
lK|Hsf erred to llieil^i^^i ^ta FIFO tega^less of the 
rnymber of bits accurn^toS Because of the 3>^n delay 
between the Receive Sffroflegister afkJ Receive Shift 
Register, the last two bits of the CRC check character 
received are nevertransferred to the Receive Data Fl FO. 
Thus, the received CRC characters are unavailable 
for use. 

On the CMOS SCC, the option of being able to receive 
the complete CRC characters generated by the transmit- 
ter is provided when both bits DO of WR15 and bit D5 of 
WR7' are set to '1 '. When these two bits are set and an 
end of frame flag is detected, the last two bits of the CRC 
will be clocked into the Receive Shift Register before its 
contents are transferred to the Receive Data FIFO. The 
data-CRC iDoundary and CRC character bit formats for 
each Residue Code provided are shown in Figures 4-1 5 
IMsm^ 4?isg for es^h character length selected. 
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D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


D 


Co 


Cl 


02 


C3 


C4 


C5 


Ce 


C7 


Ca 


Ca 


Cg 


C10 


C11 


C12 


Cl3 


C14 


C15 



















4-19 



CHAPTER 4 

Data Communications Modes FuneHonateoiBairtpHoil 



ERiiotFame(E<^ 

Once character assembly begins characters are as- 
sembled according to the number of bits per character 
specified urrtil an end of frame flag is detected . When this 
coijidltlon is detected, the receiver transfers the contents 
of tne Receive Shift Register into the Receive Data FIFO 
regardless of the ro^nfiber of bits assembled, and the 
Residue Code, thet^^^Brcor bit, and EOI^ Status bit are 
latched in the Reci^j^Enbr FIFO. 

If e thef the In^miffton Special Condition Only or Rx 
lnt( inuptbn Rtsi dliwacaer or fecial Condition mode is 
set icted, an Intsmjpt will be generated when the EOF 
Status bit reaches the top of the Error FIFO, but or^ after 

its associated character is read from the Receive Data 
FIFO. When the character is read the FIFO will be 
tocked, that is, the EOF Status bit remains set for all 
subsequent characters received until reset by the Error 
Reset Command. The processor may then read RR1 to 
determine the CRC status and Residue Code of the 
frame and issue an Error Reset command In WROto 
unlock the Receive Data FIFO. 

Transmitter Operation 

In SDLC Modes, the transmitter automatically envelopes 
the data written to the Transmit Buffer Register (WR8) 
with the flag character in WR7. Because the SCC 
trarjsfers the flag character eight bits at a time, zero- 
suppressed flags (i.e., wteie the ending zero bit of one 
flag is the beginning zero bit otthe succeeding flag) are 
notsupported. The receiver, however, can receive either 
zero-suppressed or fully-formed flags. While flags are 
trarismitted the zero insertion logic is inhibited. 

WhentrahsmlttingdatalnSDLC modes, note that all data 
passes through the zero inserter, which adds an extra 
five bit times of delay between the Transmit Shift Register 
and the Transmit Data (TxD) pin. 

Transmitter Initialization 

The irMiaiizalion sequence for the transmitter in SDLC 
modes is: WR4 first, to select the mode, then WR10 to 
modify it if necessary, WR7 and WR6 to program the flag 
and address field (if used), and then WR3 and WR5 to 
select the various options. At this point, the other 
registers should be initialized as necessary. Once all of 
this is complete the transmitter will be idle with the TxD 
pin pulled high until the transmitter is enabled via bit D5 
in WR5. When this bit is set to '1', the transmitter starts 
mark idling (i.e., a pattem of all one bits are sent eight bits 
at a time), and continues to mark idle until the MARK/ 
FLAG Idle bit in WR10 (D3) is set to '0'. When this bit is 
reset to '0' and the cairrent mark idle pattem has left the 
Transmit Shift Register, the transmitter will begin send- 
ing flag characters and will continue to send flag 



characters until a character is written to the Transmit 
Buffer. During this flag idle time the CRC generator may 
be initialized by issuing the Reset Tx CRC dienerator 
Command in WRO. 

When a character is written to WR8 and the current flag 
character has been sent, the transmitter starts sending 
dsita and continues to send data until, an undenrun condi- 
tion occurs. The Tx Buffer Ett^ sikUs bit in RRO (D2) 
will be set to '1' each time the contents of WR8 are 
transferred to the Transmit Shift Register. It will be reset 
to '0' each the Transmit Buffer is written to, and while the 
CRC is being sent in SDLC and Synchronous modes. If 
the Transmitter Interaipt Enable bit in WRi is set to '1' 
then the Low-to-High transition of the Tx Buffer Empty 
status bit will generate an intenupt. 

MARK/FLAG Idle Generation 

The Transmitter may be programmed to either mark or 
flag idle when no data are being transmitted. If the MARK/ 
FLAG idle bit in WR1 (D3) is set to '1 ', the transmitter will 
mark idle by transmitting continuous '1 's; otherwise, it will 
flag idle by transmitting continuous flags. The state of this 
bit determines the idle pattern transmitted after the cas- 
ing flag of thie frame is.sent and not before. 

On the NMOS SCC, if the transmitter is actively mark 
idling, and a frame of data is ready to be transmitted, the 
MARK/FLAG idle bit must be set to '0' before data are 
written to WR8; othenvise.'the'opening flag will not be 
sent properly. However, care mustiw exercised in doing 
this because the mark idle pattem (ei^ht '1' bits) is 
transmitted eight bits at a time, and all eight bits must 
have transferred from the Transmit Shift Register before 
aflag may be loaded and sent. If data are written into the 
Transmit Buffer (WR8) before the flag is loaded Into the 
Transmit Shift Register, the data character written to 
WR8 will supersede flag transmission and the opening 
flag will not be transmitted. 

Auto Flag Mode 

On the CMOS SCO, if bit DO of WRI 5 is set to '1', and the 
SCC is programmed for SDLC operation, an option is 
provided via bit DO of WR7' that eliminates this require- 
ment. If bit DO of WR7' is set to '1 ' and a character is 
written to the Transmit Buffer while the Transmitter is 
mari< idling, the Mari</Flag Idle bit in WR10 need not be 
reset to '0' in orderto have the opening flag sent because 
the transmitter will automatically send it before com- 
mencing to send data. 

In addition, as k>ng as bit DO of WR15 and bit D1 of WR7' 
are set to '1', the CRC transmit generator will be auto- 
matically preset to the initial state progrsunmed by bit D7 
of WR10 (so the Reset Tx CRC Generator command is 

also not necessary), and the Tx Undermn/EOM latch will 
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be reset automatically on every new frame sent. Ttiis 
ensures ttiat an opening flag and proper CRC generation 
and transmission will always be sent wittiout processor 
intervention under varying bus latency condjtiQjnSti.svfi: 

Abort Generation 

The premature termination of a frame is called an "abort". 
A properly transmitted SDLC frame will be terminated by 
appending the CRC characters and a closing flag, but the 
sec may be programmed to terminate the frame by 
f findir^ ari 9b$>rt gn,4<£(jl9g instetftfl. X^^, option allows 
the sec tiiabortMe trwsmission^ alMnp in progress 
and at the same time signify to the receiver that another 
frame will follow. 



This is contfoned byth© 'ABORT/I 
t)AfR1 (D2) . When this bit is set to '1 ', and an underrun 
occurs, the transmitter will transmit an abort immediately 
followed by a flag instead of the normal CRC. If this bit 
is set to '0', the frame will be terminated normally. . 

The processor is also able to send an abortbyi^suing the 
Send Abort command via WRO. This command, wh^ 
issued, will send eight consecutive '1 's. Afterthis pattern 
is transmitted, the transmitter will idle as programmed via 
bit D3 of WR10. Since up to five consecutive '1's may 
have been sent prior to the command being issued, a 
Send Abort may cause a sequence of from eight to 
thirteen '1 's to be transmitted. The Send Abort command 
also empties the transmit buffer register and sets the Tx 
iiUndermn/EOM bit In RRO. 

Auto Transmit CRC Generator Fn^t , < • •> - i . 

The NMOS SCC does not automatically preset the CRC 
generator prior to frame transmission. This must be done 
in software, usually during the initialization routine. This 
is accomplished by issuing the Resellx CRC Generator 
Command via WRO. For proper results, this command 
must be issued while the transmitter is disabled and idling 
and before any data are written to the Transmit Buffer. 

In addition, if CRC is to be used, the transmit CRC 
' generator must be enabled by setting bit DO of WR5 to '1 '. 
CRC is normally calculated on all characters between 
tuning and closing flags, so this bit should be set to '1 ' 
it inittatiz^en and never changed. Note that a Channel 
^set wilt hot initialize the CRC generator so a Reset Tx 
CRC Generator command must be issued some time 
sier a Chanml Reset is executed. ^ 

On the CMOS SCC, setting bit DO of WR15 '1' will cause 
the trartsmit CRC generator to be preset automaOcally 
every time an opening flag is sent, so the Hms& CF)C 
Generator command is not necessary. 



The transmission of the CRC checl< characters is con- 
trolled by the Transmit CRC Enable bit in WR5 (DO) and 
the Tx UnderrurVEOI^ bit in RRO (D6). However, if the 
Transmit CRC Enable bit is set to '0' when a transmit 
underrun (i.e., both the Transmit Buffer and Transmit 
Shift Register go empty) occurs, the CRC check charac- 
ters will not be sent regardless of the state of the Tx 
Underain/EOM bit. 

If the Transmit CRC Enable bit is set to '1' when an 
undermn occurs, then the state of the Tx Underrun/EOM 
bit and the Abort/Flag on Underrun bit in WR10 (D2) 
determine the action taiceoEf %9 transFMttttCThe AboiV 
.Sag on UndemJn (jtlfl^piet^dr resif'^ife^proces- 
'ssr, whet^, the Tr lM^rvlQMi yt M*'.^lr%^ 
transmitter and can be r@^i^%|y tiia p(MiS9i>t>wia^ 
Reset Tx IJnderrun/Eia*ft|iin«»ian#1n WRO;- -\ir-/nt :! 

If the Tx Uinaemin*d>l*§t is set to '1 ' when an undenun 
occurs, the transmitter will close the fligafie ^ sending a 
flag; however, if this bit is set to '0', the frame data wili be 
appended with either the accumulated CRC characters 
followed by a flag or an abort pattern followed by a flag, 
depending on the state of the Abort/Flag on Underrun bit 
in the WR1 (D2). In either case, after the closing flag is 
sent, the Transmitter will idle the transmission line as 
specified by the Mark/Flag Idle bit D3 in WR10. 

The Tx Underrun/EOM status bit in RRO will be set to '1 ' 
by the SCC to indicate that an underrun has occurred, 
and that either the CRC, or abort character, has been 
loaded into the Transmit Shift Register for transmission. 
The Low-to-High tr^ngition of this bit may pro- 
grammed to genei^»afl*#3iftemal/aatUs ifttStfOpi oKlf 
interrupts are disabled, may be polled in RRO. 

Hence, if the CRC check characters are to be properly 
appended to a franie, the Abo#l=^gi on Undermn St 
must be set to '0', and the Reset Tx Underryn/EOIIi^ 
Command must be issuei^'^er the first but b^fere thfe 
last character is written to the Tr^fmit Buffer . This will 
ensure that either an abort or the Cf^C; will be transmitted 
if an underrun occurs. Normally, the Abort/Flag on 
Underrun bit in WR10 should be set to '1' around the 
same time that the Tx Underrun/EOM bit is reset so that 
an abort will be sent if the transmitter accidentally under- 
runs, and then set to '0' near the end of the frame to allow 
the correct transmission of CRC. 

Note that the Reset Tx Underrun/EOM command will not 
reset the status bit latch if the transmitter is disabled. 
However, if no External/Status interrupts are pending, or 
if a Reset External/Status Interrupt command accompa- 
nies this command while the transmitter is disabled, an 
External/Status interrupt will be generated with the Tx 
Underrun/EOM bit reset in RRO. 
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Tx mmtun/EOU Latch mggt ' 



On ihe CMOS SCC, if bit DO of WR15 is set to '1', tlie 
option of having the Tx Underrun/EOM bit be reset 
automatically at the start of every frame is provided via bit 
D1 pfWRT'. This h6|>S«(l6vlate the software burden of 
hav fyg to ^^espondWiffiftiene cf^tatSter time'when high 
spe3d(Mf^*tt#{iSNi<s«tti . ' 

778 rtsmUer Disabling 

The trai9smttterl5e««aNed/disabled via bit Q3 of WB5. 
Dat 1 transmiSjiimMi»tt«e SCCdoTO nol begin until this 
bit is set to '1 '. Disabling the transmitter can be done at 
anyltime, but if disabled during transmission of a charac- 
ter, that character will be "completely sent." This applies 
to bioth data and flags. However, if the transmitter is 
disabled during the transmission of ORG, the 16-bit 
transmission will not be completed and the remaining bits 
will be from WR7 (flag character). 

In the paragraph above, the term "completely sent" 
means shifted out the Transmit Shift Register, not shifted 
out the zero-bit Inserter which adds an additional 5-bit 
delay. 

On the NMOS SCC, if NR2I encoding is being used and 
the Transmitter is disabled the state of the TxD pin will 
depend on the last bit sent. That is, the TxD pin may 
either idle in a Low or High state as shown below In Figure 
4-19. Although, in full-duplex applications this may not 
be k problem, in half-duplex applications the TxD pin 
nruist beE pulley high in prder 1$, atlcw pr^r reception 

NRZI Mode Ttansmltter Disabling 

On the CMOS SCC, an option is provided that allows 
setting the TxD pin High when operating in SDLC Mode 
with NRZI encoding enabled. If bit DO of WR1 5 is set to 
'1', then bit D3 of WR7' can be used to set the TxD pin 
High. Note that the operation of this bit is independent of 
the Yx Enable bit in WR5. The Tx Enable bit in WR5 is 
used to disable and enable the transmitter, whereas bit 
03 pf WR7'. acts as a pseudo transmitter disable and 



Enable by just forcing the TxD pin High when set even 
though the transmitterinayacajaHyMmarKorflag idling. 
Care must be used when aiHNl^'iris bit because mvf 
character being transmitted at^tie^ttoMiittiB btt Is set wIN 
be "chopped off," and data written to the transmit buffer 
while this bit is set will be lost. 

When the transmit underrun occurs and the CRC and 
closing flag have beens'ent, bit 03 can be set to pull TxD 

High. When ready to start sending data again this bit 
must be reset to '0' before the first character is written to 
the transmit buffer. Note that resetting this bit causes the 
TxD pin to tal<e whatever state the NRZI encoder is in at 
the time so synchronization at the receiver may take 
longer because the first transition seen on the TxD pin 
may not coincide with a bit bnundal^. . 

Note that in orderforthis to function properly, bits D3 and 
D2 of WR10 must be set to '1' and '0' respectively. 

SDLC Loop Mode 

The SCC supports SDLC Loop mode in addition to 
normal SDLC. SDLC Loop mode is very similarto normal 
SDLC. It is usually used in applications where a point-to- 
point network is not appropriate (for example, point-of- 
sale terminals). 

In an SDLC Loop there is a primary station, called the 
controller, that manages the message traffic flow on the 
loop. SDLC .Loop is a special type of configprationjn 
which one or more stationsrars eonnected m a serial 
fashion; each station is a repeater of the up-loop data to 
the next down'ioop statiofi. ? r 

SDLC loop operation requires tMe transmission linl< 
operate in a half-duplex, on&SRn^on only, mode. Data 
transmitted on the loop by tHtpMatfy station am relayed 
from station to station. . > y-u- ji' 

Going On Loop 

There are certain restrictions as to when and how a 
secondary^atiw physically bDomms part of the loop. A 
secondary station that tias just powered up must monitor 
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Figure 4-19. Transmitter Disabling with NRZi Encoding 
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the loop, without the one-bit-time delay, until it recog- 
nizes an EOP. While waiting for an EOP, the SCC ties 
TxDto RxD with only the internal gate delays in the signal 
path. When the first EOP is recognized by the SCC, the 
BREAK/ABORT status bit is set in RRO, generating an 
External/Status interrupt (if so enabled). At the same 
time, the On-Loop bit in RR1 (D4) is set to indicate that 
Vem see is Indeed Qit'loQp, and a one-bit time delay is 
im^B^ ^ tidKB(©i1o l%t%^M.t,'This does not 
€^MM«»Joep(^{^se tile iifi6^il^ tofiMeen 
ttte tifiie tttat the co«Mler -sends the i@i^«mi4he time 
that it receives the EOP back. The secondary station that 
ivas gone on-loop cannot transmit a message until a flag 
and the next EOP are received. The requirementthat a 
flag be received ensures that the SCC cannot envne- 
ously send messages until the controller ends the current 
polling sequence and starts another one. A secondary 
Ation g^s off-loop in a similar fpppr»{> "i nwieaeFi 

A secondary station in an SDLC Loop is always listening 
to the messages being sertt around the loop and must 
pass these messages to the rest of the loop by re- 
transmitting thern With a one-bit-time delay. When given 
a commar^ to go off-loop, the secondary station waits 
uhtil the next EOP t6 remove the one-bit-time delay. 

On-Loi^ Program SequentB - Mo-r-rr.r;* 

SDLC Loop mode is similar to SDLC mode except that 
tH& additional conbol^bits are used: Ttiey acB^^Jussp 
]Aotiete»#A)ai!id«)e Gk> Active oecmmii'^'piaimim. 
In^eldnion fixtbese two extra cofitraiil3ifiK,<Uie(<fris^ tte» 
twO'Status islts in R010. They are tiie €>r»'Lt>op'm)(D1^ 
and the Loop Sending bit (D4). Before Loopmode is 
sejected, both the receiver and transmitter mu|!t^.be 
completely initiaji;^ t9f SDLC operation. Qr)p%^i%i; 
done. Loop mode is selected by setting bit D1 of wMlO 
to '1 '. At this point the SCC connects TxD to RxD with 
0rriy gate delays in the path. At the same time a flag is 
loaded into the Transmit Shift register and is shifted to the 
end of the zero-bit inserter, ready for transmission. The 
see will remain in this state until the Go Active On Poll 
bit (04) in WR1 is set to '1 '. When this bit Is set to '1 ', the 
receiver begins looking for a sequence of seven con- 
secutive '1 's, Indicating either an EOP or an idle line. 
When the receiver detects this condition, the BREAK/ 
ABORT status bit in RRO Is set to '1 ' and a one-bit time 
delay is inserted in the path from RxD to TxD. The On 
Loop bit In RR10 is also set to '1' at this time, and the 
receiver enters Hunt Mode. The SCC cannot transmit on 
the loop until a flag is received, causing the receiver to 
leave Hunt mode, and another EOP (bit pattern 
'111 1 1 1 1 0') is received. The SCC Is now on the loop and 
capable of transmitting on the loop. As soon as this 
status is recognized by the processor, the Go Active On 
Poll bit in WR1 should be set to '1 ' to prevent the SCC 
from transmitting on the toop without the consent of the 
processor. 



On-Loop Message Transmission 

When a secondary station has a message to transmit and 
it recognizes an EOP on the line, the first thing that it does 
Is to change the last '1 ' of the EOP pattern to a '0' before 
transmitting It. This tums the EOP Into a Flag sequence. 
The secondary station now places its message on the 
loop and terminates Its message with an EOP. Any 
secondary stations further down the loop with messages 
to transmit can then append Its message to the message 
of the first secondary station by the same process. All 
secondary stations without messages to send merely 
echo the incotning messages and are prohibited from 
placing messages on the loop,.,excej;>t UR^ri p^tiognizirig 
ariEOP. . ;« , 

On-Loop Transmit Message Programming 
Sequence 

To transmit a message on the loop, the Go Active On Poll 
bit WR1 must be set to '1 '. Once this is done, the SCC 
will change the next received EOP into a Flag and begin 
transmitting on the loop. At this point the processor may 
either write the first character to the transmit buffer and 
wait for a transmit buffer empty condition or wait for the 
Break/Abort: and Hunt Status bits to be set to '1 ' In RRO 
and the Loop Sending bit to be set to '1 ' In RR1 t)efore 
writing, the first data to the transmitter. Note that the 
ftsaMtert and Hunt bits in RRO will be set to '1 ' when 
8ie EOP is received. If the data is written immediately 
«fter the Go AcM»£Dtvl^ttt has been set, i»ie^e «&ill 
Insert only one flag after HieiEOR is' changed into a flag, 
if the data is not written untihafter the receiver etiters the 
Hunt mode, flags will be transmitted untfl-'the data is 
written. If only one frame is to bietransnritted on the loop 
in response to an EOP, tt^ processor must set the Go 
Active on Poll bit to '0' before the last data is written to the 
transmitter. In this case the transmitter will close the 
frame with a single flag and then revert to the one-bit 
delay. The Loop Sending bit in RR1 Is set to '0' when the 
closing Flag has been sent. If more than one frame Is to 
be transmitted, the Go Active On Poll bit should not be set 
to '0' until the last frame Is being sent. If this bit is not set 
to 'C before the end of a frame, the transmitter will send 
Flags until either more data Is written to the transmitter, 
or until the Go Active On Poll bit Is set to '0'. Note that the 
state of the Abort/Flag on Underrun and Mark/Flag idle 
bits in WR10 are .ignored by the SCO in SDLe Loop 
mode. " ' ■ ' ' ' ' - "^ 

Going Off Loop ' 

If SDLC Loop Mode is de-selected, the SCC is designed 
to exit from the loop gracefully. When SDLC Loop mode 
is de-selected by writing to WR1 0, the SCC waits until the 
next polling cycle to remove the on-bIt time delay. If a 
polling cycle is in progress at the time the command is 
ifrislps seiiding any message tbatM 
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may be transmitting, ends witn an tUK, ana aisconnecis 
TxD from RxD. If no message was in progress, the SCC 
immecfiately disconnects TxD from RxD. To ensure 
propeijloop operation after the SCC goes off the loop, 
Sfvi until the external relays take the SCC completely out 
of the loop, the SCC should be programmed for mark idle 
ir^ea(^ of Flag idle. When the SCC goes off the loop, the 
Dn-Lo^p bit is reset. 

Off Loop Programming Sequence 

To go off the loop in an orderly manner requires actions 
similai to those t#:en to go on the Ibbp. First, the Go 
AcNvb On PoH tMffliSffeB^'io '0' artd «iy transmission 
in pF0( iress completed, if the SCC is cun-ently sending on 
the loop. This will be indk:ated by the Loop Sending bit 
in RR1 being set to '0'. Once the SCC is not sending on 
the loop, exit from the loop is accomplished by setting the 
Loop Mode bit in WR1 to '0', and at the same time writing 
the Abort/Flag on Underoin and Mark/Flag idle bits with 
the desired values. The SCC will revert to normal SDLC 
operation as soon as an EOP is received, or immediately, 
if the receiver is already in Hunt mode k)ecause of the 
receipt of an EOP. Note that the Break/Abort and Hunt 
bits in| RRO will be set to '1 ' and the On Loop bit in RR1 
will be set to '0' when EOP is detected. 

SDLC Loop Initialization 

The initialization sequence for the SCC in SDLC Loop 
nvxie is similar to the sequence used in SDLC mode, 
excebt that it is somewhat longer. The processor should 
progn im WR4 first, to select SDLC mode, and the WR1 
lO'sei icTthe GRC preset value, and pragram the Mark/ 
Flag I Se bR. Tlie Loop Modis and Go Aetive Oh Poll bits 
in WR10 shouM not be set to '1 ' yet. The flag is written 
in WU and the various options are selected in WR3 and 
WR5. At this point the other registers should be initialized 
as necessary, then the Loop Mode bit (D1) in WR10 
should be set to '1 '. When all of this is complete, the 
transmitter may be enabled by setting bit D3 of WR5 to 
'1 '. Npw that the transmitter is enabled, the C RC genera- 
tor njay be initialized by issuing the Reset Tx CRC 
Generator command in WRO. The receiver is enable!^ by 
setting the Go Active on Poll bit (D4) in WR10 to '1', 

SDLC Loop NRZI Encoding Enabled 

The SCC allows the user the option of using NRZI in 
SDLC Loop mode by programming WR1 appropriately. 
With NRZI encoding.theoutputsof secondary stations in 
the loop may be inverted from their inputs tiecause of 
messages th^ they have transmitted. Removing the 
stations from the loop (removing the one-bit time delay) 
may cause problems further down the k>op because of 
extraneous transitions on the line. The SCC avokjs this 
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each frame it serxjs in response to an EOP. 

A response frame from the SCC is termkiated by a flag 
and an EOP. Normally, the flag and the EOP share a 
zero, but if such sharing would cause the RxD and TxD 
pins to be of opposite polarity after the EOP, the SCC 
adds another zero between the flag and the EOP. This 
causes an extra line transition so that RxD and TxD are 
identical after the EOP is sent. This extra zero is 
completely transparent because it means only that the 
flag and the EOP no longer share a zero. All that a proper 
loop exit needs, therefore, i6 the t&mmi ^ the one-bK 

time delay. ' - ' '' ' 

■ ' ' w IK- : e ' ■ '1^ 

Synchronous Mode Operattofi'^" ' ^ 

Receiver Operation - ' 

Receiver operation in Synchronous modes begin in a 
Hunt mode where the communications line is monitored 
for a synchronizing pattern on a bit-by-bit basis. The 
receiver may be placed in Hunt mode by having the 
processor issue the Enter Hunt Mode command via bit 
D4 in WR3. The Enter Hunt Mode bit in WR3 is a 
command so writing a '0' to it has no effect. 

In Synchronous nrodes, once character synchronization 
has been established. Hunt mode is terminated and must 
remain so until the end of message has been received. At 
this point, the Enter Hunt Mode command can be re- 
issued for the next message. Issuing this command 
prematurely can lead to false character synchronization. 
Thus, ttie SYNC/HUIMT status bit in RRO will be set only 
when the Enter Hunt Mode command is issued. 

The Hunt status of the Receiver is reported in the SYNC/ 
HUNT status bit in RRO (D4)y Thte Status bit is one of the 
possible sourc^of Externafi'^tef^'iftlerrupts, with both 
transitions causing an intemjpt. This is true even if the 
SYNC/HUNT bit is set as a result of the processor issuirig 

the EnterHuht Mode oornmandi- ■' 't'" 

■■.'V ■■ -■■ ■:■ ■ 2t •.•■>•-■ 19'' ■ 

While in Hunt mode, the f«e6ive0^patt)4iSed in establish- 
ing character ^ctlronization will depend on the mode 
selected. In either case, however, synchronization will 
be established at the beginning of each transmission 
either through a two character (BISYNC) or a single 
character (MONOSYNC) synchronizing pattern. When 
character synchronization is established Hunt mode is 
terminated. At this point data passes to the Receive Shift 
Register and characters are formed by assembling the 
proper number of consecutive bits following the synchro- 
nizing pattem before being transferred into the Receive 
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In Synchronous modes, except Exte rnal SY NC mode, If 
bit D7 of WR11 is set to '0', the SYNC pin will be 
configured as an output and the SCC will drive it Low 
every time a sync character is detect ed in the data 
stream. Note, however, that the SYNC pin is activated 
D^ardless of diaiacter boundaries so any external cir- 
liWy t^titt^J|.^fl^fMolis MNSiiiPiould respond 
^ylPlft|9i%Wli^li^<se that occu lts whil e the receiver is 
W^^itlpM. TTiil timing for the SYNC signal is showti 
in Figure 4-20. ' -...^ 

MONOSYNC Mode 

The message format for MONOSYNC Is shown m Figure 
4-21 . In this mode, the incomi'rig data are clocked into the 
Receive Sync Register and compared with the contents 
of WR7 on a bit-by-bit basis until a sync character is 
found. When a sync character is found, character syn- 
chronization is established and data passes to the Re- 
ceive Shift Register. 



In this mode, WR6 is always used to open a message 
being transmitted, and as time fill when the transmitter is 
enabled and has nothing to send. iS-.v 

The BISYNC message format is shown in Figure 4-22. In 
this mode, the synchronization procedure is similar to 
that of MONOSYNC except that two sync characters are 
us6d for charactersynchFontzation instead of one. tri this 
trtidb.'IhGOming data are^^e^ Wtffe ^^kie SlW 
Register while the next eight bits are assembled in the 
Receive Sync Register (Figure 4-5). If these two charac- 
ters match the programmed characters in WR6 and 
WR7, respectively, synchronization is established and 
the incoming data bypasses the Receive Sync Register 
and enters the 3-bit delay directly. 

In this mode, the concatenation of WR6 with WR7 is 
always used during ti^ar^fRif and revive operaft>ns. 
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Figure 4-21. MONOSYNC Message Fbrmat 



Figure 4-S2. BISYNC Message Format 
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SY/iCOianetertMnglh / v : ^'.^ 

In Synchronous modes,.the sync character length that is 
used during transnit arid receive operations is program- 
matileviabltDOoflWRIO. 

If thte tHt is sM Ht fQ^ iDiMPNOSYNC mode an 8-bit sync 
CtiaraK^vyillbeusiiiA^ and receive opera- 

tions; however, if set^ia*!' the 6-bit sync character option 
will be selected, and only the least significant six bits of 
WR6 will be used during transmission, and the six high- 
order bits in WR7 will be used during receive. 

In B SYNC mode, this bit selects between a 1 2- or 1 6-bit 
syrfe character length; however, because the receiver 
reqi^ires that sync characters be left-justified in the reg- 
isters, while the transmitter requires them to be right- 
justified, only the receiver will wort< properly with a 1 2-blt 
sync character. So if bit DO of WR10 is set to '1', the 
receiver will be configured to recognize a 12-bit sync 
character, but the transmitter will remain configured for a 
16-bit sync character. The arrangement of the sync 
character In WR6 and WR7 is shown in Figure 4-23. 

Receiver Initialization 

The initialization sequence for the receiver in Synchro- 
nous modes is to write to WR4 first, to select the mode, 
then WR10 to modify it if necessary, WR6 and WR7 to 



program the sync characters and ^mtfWf® and Wl^ to 
select the variousoptions.Atthispoint the otherregisters 
should be initialized as necessary. When all of this Is 
complete the T$ceiver is enabled ^^Mng;bit DO of WR3 

to'r. ■ ■ " • • • 

SYNC Character Removal * ' 

In Synchronous modeSj a^neohaniBtsrithat is not pfart 
of the data is transmitted before data to establish charac- 
ter synchronization at the receiver. Once data transmis- 
sion begins all characters are sent continuously and in 
phase with each other. Since this synchronizing informa- 
tion is only present at the beginning of a message it may 
happen that during message transmission the combina- 
tion of data characters may not provide sufficient transi- 
tions to allow self-clocking devices to remain in sync. 
Under these conditions the equipment in use today will 
send sync characters in order to maintain character 
phase. 

In this case the receiver may want to recognize these 
characters and delete them from the receive data. This 
furictlon Is iavallable in the SCC by setting the Sync 
Character Load Inhibit bit (D1) in WR3 to '1 '. While this 
bit is set to '1 ', the character about to be loaded into the 
receive Data FIFO will be compared vnth the content^ j)f 
WR6. If all eight bits match the character, it is not lo«)ed 
Into the FIFO Because the comparison is across eight 
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^. tbis function works correctly onty when the number 
ptr character is the same asihe sp)C«cbaracter 
length. Thus it cannot be used wrttH'-l^ or 1€4>K tcyne 
characters. 

Both leading sync characters and sync characters em- 
M^fi^th® mtsm^m prGpei^mmmm in th#cas^ 
iM-an ^blt sync character, but i$rt|^ltg»(i|IW^^|i| 
i^fstea^rs may be properly remo^SdmiRiiAl^ili V 
bit sync character. Care nujst be exercised In ci^flN^ 
feature because sync characters not transferred to the 
receive Data FIFO will automatically be excluded from 
CRC calculation. This works properly only in the 8-tHt 

ease. 'i.:^zr ; . 

CRC PolyMnilal Selectlaii 

Either of two CRC polynomials may be used in Synchro- 
nous modes . The poly nomial that will be used by tioth th e 
transmitter and receiver is selected by bit D2 in WR5. If 
this bit is set to '1', the GRC-16 polynomial 
(X's+X's+X^+I) will be used; if this bit is set to '0', the 
CRC-CCITT polynomial (X'^+X'^+X^+l) will be used, . 

fix CRC Initialization yj, 

u- 

The initial state of both transmit and receive CRC genera- 
tors is controlled by bit D7 of WR10. When this bit is set 
to '1 ', both transmit and receive CRC generators will be 
preset to an initial value of air Vs ; if this bit is set t»>%iiif 
will be preset to an initial value of all 'O's. 

The sec presets the receive CRC generator whenever 
the receiver is in Hunt Mode so a CRC reset command is 
not strictly necessary. However, it may be preset by 
issuing the Reset CRC Checker command in WRO. The 
Reset CRC Checker command Is nwessary in Synchro- 
nous modes if the Enter Hunt Mode coffSnaridln WHS Is 
not issued between received messages. Note that any 
action that disables the receiver in Synchronous modes, 
(including External Sync mode) iniijalizes Vne CRC 
circuitry. T"' '~T'T 

Rx CRC Enabling 

If CRC Is to be used on receive data the receive CRC 
generator must be enabled by setting bit DO of WR3 to '1 '. 
If sync characters are being stripped (i.e., WR3 bit D1 set 
to '1') from the data stream, enabling the CRC may be 
done at any time before the first non-sync character is 
received. If the sync strip feature is not being used, the 
CRC generator must not be enabled until after the first 
data character has been transferred to the Receive Data 
FIFO. As previously mentioned, 8-bit sync characters 
stripped from the data stream are automatically excluded 
from CRC calculation. The receive CRC generator p^jf 
be enabled and disabled as many ftmes fdr a- ^ven~- 
calculation. 



Rx CRC Character Exclusion :< 

Being able to exclude characters from CRC calculation is 
possible in the SCC because CRC calculation may be 
enabled and disabled on the fly. To give the processor 
sufficient time to decide whether or not a particular 
character should be included in the CRC calculation, the 
SCC contains an 8-bit time delay between the Receive 
Shift Register and the receive CRC generator. The togic 
also guarantees that the calculation will start or stop only 
on a character tx)undary by delaying the enable or 
disable until the next character is loaded into the Receive 
Data FIFO. To understand how this works refer to the 
foll9V(«5^.f jfplanation ancmiftf e 4^J24. , .. . .. 

■©onsider a case where the SCC receives a sequence of 
eight bytes, called A, B, C, D, E, F, G and H with A 
received first. Now suppose that A is the sync character, 
that CRC is to be calculated on B, C, E, and F, and that 
F is the last byte of this message. Before A is received 
the receiver is in Hunt mode and the CRC is disabled. 
When A is in the receive shift register it is compared with 
JbS C9fl!!§B}SvOtWR7..,Sii),ce/L Is the synccharac^r, the 
M PS^^Wf^^^l^^^^^VSS^er leaves Huntn^de, but 
cfiaraGler A is not transferred to the n^ceive data FIFO. 
The CRC remains disabled even though somewhere 
during the next eight bit times the processor reads B and 
enables CRC. At the end of the eight-bit-lime, B is in the 
8-bit delay and C is in the receive shift register. Character 
C is loaded into the receive data FIFO and at the same 
time the CRC checker is enabled. During the next eight- 
bit-time, the processor reads C and leaves the CRC 
enabled. At the end of these eight-bit-times the SCC has 
calculated CRC on B, character C is the 8-bit delay and 
D is in the Receive Shift register. D is then loaded into the 
receive data buffer and at some point during the next 
eight-blf-titihe the processor reads D and disables CRC. 
At the end of these eighi-bfl-times CRC has been calcu- 
lated oaC, character D Is in the 8-bit delay and E is in the 
Recave retgister. 

Islow E is loaded Into the m&^ve Data FIFO and, at the 
same time, the CRC is disabled. During the next eight- 
bit-times the processor reads E and enables the CRC. 
During this time E shifts into the 8-bit delay, F enters the 
Receive Shift register and CRC is not being calculated on 
D. Afterthese eight-bit-times have elapsed, E is in the 8- 
bit delay, and F is in the Receive Shift register. Now F is 
transferred to the receive data FIFO and C RC is enabled. 
During the next eight-bit-Umes the processor reads Fand 
leaves the CRC enabled. The processoris usually awai@ 
that this is the last character in the message and ^ 
prepares to check the result of me CRC CQin^iitatioa 
However, another sixteen bit-timts are ra^^ed before 
■ CRClM ^beiWiBatotetflip aflofd^^^^ Mtheend 
"^itst iSghHBWffiafFWfrine 8-lJit delay and G is in the 
Reoeive Shift register. At this time G is transf en-ed to the 
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9ive data FIFO. Character G most be read aril 
disbarded by the processor. Eight bit flmes later H is 
transferred to the receive data FtFb also.' 1iie restjlt of 
a CRC calculation is latched in the receive en-or FIFO at 
the same time as data is written to the receive data FIFO. 
Thus the CRC result through character F accompanies 
character H in the FIFO and will be valid in RR1 until 
character H is read from the receive data FIFO. The CRC 
checker may be disabled and reset at any time after 
character H is transferred to the receive data FIFO. 
Recall, however, that internally CRC will not be disabled 
until a character is loaded into the receive data FIFO so 
thej reset command should not be isaied until after Wi^ 
occurs. A better alternative is to place thS receiver in 
Hunt mode, which aidomatically disables and resets the 
CRC checker. 

CRC Error 

Because there is an eight bit delay befw*»)n the Receive 
Shift Register and receive CRC generator in Synchro- 
nous Modes, the CRC Error status bit in RR1 will hot be 
valid until 1 6 t}it times after the last CRC character has 
been loaded from the Receive Shift Register to the 
Redeive Data FIFO. 



tratisnHtmiiNipleKer andlntoifliellansmit CRG GeheKa^ 
tor. Tberestdtof ttietransrnitCROgemralOftessiibitt 
thetransimitmuttipltowlien enabled^ J ^ /> ' ' 

Transmitter Initialization 

TheinitiaRzation sequence jtorthetFansn^rinSynchro^ 
nous modes is: WR4 first, to select the mode, then WR10 
to modify it if necessary, WR6 and WR7 to program the 
sync characters, and then WR3 and WR5 to select the 
various options. At this point, the other registers should 
be initialized as necessary. Once all of this is complete 
the transmitter mark idles (i.e., TxO pin HIGH) until the 
transmitteris enabled via bit D5 in Wf^. < 



Trajnsmitter Operation 

In Synchronous modes, the sync character in WR6 orthe 
sync characters in WR6 and WR7 are used to open a 
message transmission. Depending on the mode the 
transmitter is in either one or two sync characters will be 
loaded into the Transmit Shift Register at the beginning 
oUg. Iii^^c ^Hdajti ara shifted simultaneously out the 



When the transmitter is enabled, it starts ( 
characters and continues to send sync characters until a 
character is written to the Transmit Buffer (WR8). During 
this sync idle time the CRC generator may be initialized 
by issuing the Reset Tx CRC Generator command: M 
WRO. When a character Is written into WR8 and ttie 
cun«nt syfK character has beeiv^i^wit, (he transmitter 
starts transmitting data. It will then set the Transmit 
Buffer Empty bit each time the contents of WR8 are 
transferred into the Transmit Shift Register to indicate 
that another character can be loaded into WR8. 



CRC Polynomial Selection 



.1.1 : V i-^IP ■ 



EKher of two CRC polynomials may be used for error 
detection purposes. The selection for both the transmit- 
ter and receive is done via bit 02 of WR5. Setting this bit 
to '1 ' selects the CRC-1 6 polynomial, while setting it tq'O' 



selects the CRC-CCITT polynomial. 
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RECEIVE DATA FIFO 



RECEIVE DATA- 



RECEIVE SHIFT REGISTER 




yaSHT BIT TIME DELAY 



CRC CNECkER 



FIgun) ^M'tieiiihA^^^'Data Patii for Synchronous Modes 
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Tite initial state of the transmit and receive CRC genera- 
tors is corrtroUed by bi| D7 of WR|9j^y)(tie^ this bit Is sf t 
to '1 ', both generatorsiwiti be jDrsM^^'initiai value of 
all '1 's, if this bit is set to '0', both gerierators will be reset 
to 'O's. The sec does not automatically preset the 
transmit CRC generator, so this must be done in soft- 
ware. This is accomplished by issuing the Reset Tx CRC 
Generatorcommand, which is encoded in bits D7 and D6 
of WRO. For proper results this commaridmust be issued 
while the tran^niitter is enabled an^.^nding W^'^S^^ 
acters. 

Tx CRC Enabling 

If ORG is to be used, the transmit CRC generator must be 
enabled by setting bit DO of WR5 to '1 '. This bit may also 
be used to exclude certain characters frorn the^RC 
calculafi,o0|sii^nchronousmod!9S« v ., ,> /jtoc <y- 



As In toLC mode, the transmission of the CRC check 
characters in Synchronous modes is controlled by the 
Transmit CRC Enable bit in WR5 (DO) and Tx Underrun/ 
EOM bit in RRO (D6). if the Transmit Enable bit is set to 
'0' when a transmit underrun occurs, the CRC check 
characters will not be sent regardless of the state of the 
Tx Underrun/EOM bit. If the Transmit Enable bit is set to 
'1 ' when atransmit undenun occurs then the state of the 
Tx Undemjn/EOM bit determines the action taken by the 
transmitter. The Tx Underrun/EOM bit is set by the 
transmitter and only reset by the processor via the Reset 
Tx Undenun/EOM command in WRO. 

|the tx Underrun/EOM bit is set to '1 ' when an underrun 
ciccurs, the transmitter will close the message just sent by 
sending sync characters; however, it this bit is set to '0', 
the transmitter will close the message by sending the 
accumulated CRC followed by sync characters. The 
transmitter will idle the transmission line by sending sync 
characters until either more data are writteDtothe.Xia^,? 
mit Buffer or the transmitter is disabled. 

The Tx Undermn/EOM status bit in RRO will be set to '1 ' 
to indicate that an underrun has occurred, and that the 
CRC, or sync characters, have been loaded into the 
Transmit Shift Register for transmission. The Low-to- 
High transition of this bit may be programmed to generate 
an Extemal/Status interrupt or, if Interrupt are disabled, 
may be polled in RRO. 

Hence, if the CRC check characters are to be properly 
appended to the end of a message, the Reset Tx Under- 
run/EOM Command must t>e issued, after the fii^^ but 
before the last, character Is writtento the Trarismit Buffer. 



Mote that the Reset Tx Underrun/EOM command will not 
reset the status:.bit'latch if the Transmitter is disabled. 
Hdivewe^ U na PiteiMlt^lalus interrupts are peacfihQ;ai* 
if a ResttSicieiiiaUtalURb^^ emmnaiid aooompa^ 
nies Ms cofntmnd whtfe the transmitter is disabled, an 
Extemal/Status intemjpt will be geii||iBfi«d^«i^<eielik 
Underrun/EOM bit reset in RRO. 

■ f 

Tx CRC Character Exclusion , 

On the sec, leacfing sync characters are automatical^ 
excluded from CRC cateulafion, but it will be csteuiatfld 
on any sync characters sent as data unless the transfflH 

CRC generator is disabled via bit DO of WR5 when that 
character is kiaded in the Transmit Shift Register from 
the Transmit Buffer. 

Internally, the CRC is enabled or disabled for a particular 
character at the same time as the character is loaded 
from the Transmit Buffer to the Transmit Shift Register. 
Thus, to exclude a characterf rom CRC calculation, bit DO 
of WR5 should be set to '0' before the character is written 
to the transmit buffer. This guarantees that the internal 
disable will occur when the character moves from the 
buffer to theshift legistar. Once the buffer becomes 
emptjr.ihel^ 6BG £nal3le bit may be set for the noct 
character. 

Transparent Transmls^on 

The SC.Q,cgo i3^ygesUo> apiyications where data are sent 
without 9l||flii9fiQtlll9«ti^ 
ity. This, can be donettwd^osr^mni)^' >ffi4i.fQr the 
channel in External SYN® mode as shown below. ,< 



WR4 
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X 






WR4 — Register Layout 



""In this mode of operation, the transmitt er will be 
configured for MONOSYNC operation and the SYNC pin 
will be used to signal when to start reception of data. The 
transrtiitter is initialized as before except that the first 
character to tm sent must be written to WR6 before 
enabling the transmitter. Once the transmitter is enabled 
and transmission of the character In WR6 has started, the 
Transmit Buffer can be written to with the next character. 
From that point on, data from the Transmit Buffer will 
continue to be sent until the transmitter Is disabled. To 
prevent any unwanted data in WR6f rom being sent when 
a transmitter underrun occurs, the transmitter must be 
disabled during the transmisskin of the last cttaracter. 
The same procedure is Idikmed If another data bk>ck is 
to be sent. 
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Data re ception in this mode of operation requires that the 
SYNC pin be used to signal when character accumula- 
tion should commence at the receiver. As long as SYNC 
remains Low, data will continue to be received. 

Transmitter to Receiver Synchrorilzatlon. 

TheSCpc contains atransmitter-to-receiver synchroniza- 
tion function that may be used to guarantee that the 
character boundaries for the received and transmitted 
^a are the sanm ;li41iifetniods lite receiver is in Hunt 
aiid the transmitteris Idle, sending either all '1 's or all 'O's. 
WJienthe receiver recognizes a sync character, it leaves 
Hunt npode and one charactertime laterthe transmitter is 
enabled and begins sending sync characters. Beyond 
this point the receiver and transmitter are again com- 
pletely independent, except that the character t)ounda- 
ries ar|e now aligned. '|n^^ i!^dvvn Irr Figure 4-2S. 



There are several restrictions on the use of this feature. 
First, it will work only with 6-bit, 8-bit or 16-bit sync 
characters, and the data character length for both the 
receiver and the transmitter must be six bits with a 6-bit 
sync character or eight bits with an 8-bit or 16-bit sync 
character. Of course, the receive and transmit clocks 
must l^ave tlwsam&ratte as weH atthe proper phase 
relationship. 

A specific sequence of operations must be followed to 
synchronize the transmitter to the receiver. Both the 
receiver and transmitter must have been Initialized for 
operation in Synchronous mode sometime in the past, 
although this initia^Kti^ need not be redohe each time 
the transmitterls#^MMH^%) receiver. ThetransM- 
ter is disabled by setting bit D3 fo WR5 to '0'. At this point 
the trapsmitter will send continous '1 's. If it is desired that 
continous 'O's be transmitted, the Send Break bit (D4) in 
WR5 should be set to '1 '. The transmitter is now idling but 



must still be placed in the Transmitter to Receiver Syn- 
chronization mode. This is accomplished by setting the 
Loop Mode bit (D1) in WR10 and then enabling the 
transmitter by setting bit D3 of WR5 to '1 '. At this point the 
processor should set the Go Active On Poll bit (D4) in 
WR1 0. The final step is to force the re^telfer to search for 
sync characters. If the receiver i^i^rrMly disabled the 
receiver win enter Hunt mdde t Is enabled by 
setting bit DO of WR3 to 'V. If tiTe'fiefceivei' is already 
enabled it may be placed in Hunt mode by setting bit 04 
of WR3 to '1 '. Once the receiver leaves hunt mode the 
transmitter Is agBviled «B the faifewWi character 
boundary. 

Transmitter Disabling 

In Synchronous modes, if the transmitter is disabled 
during transmission of a character, that character will be 
completely sent before mark idling the line. This applies 
to both data and sync characters. However, if the 
transmitter is disabled during the transmission of CRC, 
CRC transmission will be terminated and the remaining 
bits will f rpni.\ft(Rg anil/ftr vyR7 (sy aqriigj^p^g^ore 
mark idling the line, f . .-. ^ j> ^ 

External SYNC Mode 

Forthose applications that may want to use external logic 
for receiver sychronization, the SCC niakes provisions 
for an externa l circuit to signal character synchro nization 
on the SYNC pin. This mode expie{^ t|]p,SYNC pin to be 
avallabie for use; this means thalM DTpi WR1 1 should 
be set to '0'. The External SYNC meiisage format Is 
shown in Figure 4-26. 

In this mode, t he SYN C/HUNT status bit in RRO reports 
the state of the SYNC pin but the receiver must be placed 
in Hunt mode when the external logic is searching for a 
sync ohaijdcti^r niKteh- When,the rece^-^i^^l^il^Dde 
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Figure 4^. MtisiRlttBr to MffilMtf l^pUitM^^ 
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D7 D6 D5 D4 D3 D2 D1 DO 



^ <r 



EXTERNAL SVNC 



FIgura 4-26. External SYNC Massage Format 



and ttie SYNC pin is driven Low, two receive clocl<s after 
tlie last bit of ttie sync character is received, cliaracter 
assembly will begin on tiie rising edge of the receive clock 
immediately following the activation of SYN C. This Is 
shown in Figure 4-27. Both transitions on the SYNC pin 
wili cause an External/Status intenrupt if the SYNC/ 
HUNTIEtortissetto'V. 



Note that once the SYNC pin is driven Low by the external 
hardware, itjs recommended that it t>e kept LjOw until the 
CPU infoong the external sync logic that synchRMi&aMon 
has been«|o!$t or thdl a new data bkx* is stout to start. 

SDLC Exiemal SYNC Mode 

By programrnlng WR4 as shown below both the receiver 
and transmitter wili be placed in SDIX mode. The only 
rariatipn ^m normal SDLC operaOon wHI be ttM the 
SYNC pin win be used to start or stop the recepBdn of a 
ftame by forcing the receiver to act as though a flag had 
been received. , . 
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^nmm^^^i^aSYNC Mode 

By programming WR4 as shown below the transmitter 
will be configured for MONOSYNC operation and the 
SYNC pin will be used to start the reception of a 

message. ^ , 

— ajv>ife ' .in\(«ngfn i.« ^ 

D7 06 OS D4 D3 D2 D1 DO 







1 0- 



— I programming eitlier of these bit 

— patterns specifies that only the SYNC 

1 — ' pin can be used for character sync 

- eitiier the SYNC pin or a match with 
the character stored in WR7 will signal 
character sync 



WR4-r-n^glster Layout 
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F^ure 4-27. External SYNC Receiver Synchronization 
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CHAPTER 5 



UiTRODUCnON \ 

llie SCb Incorporates additiori^ 
dramatfcatly reduces the need for wctemal hanmire. 
This includes clocl<ing options, baud rate geneiatofs, 
clocl< recovery logic, on-chip oscillators, and internal 
loopback modes. This chapter dscusses how to pro- 
gram these functions. 

CLOCK OPTIONS 

The sec may be programmed to select one of several 
sources to provide the transmit and receive clocks. In 
addition, the SCC contains a crystal oscillator in each 
channel, as well as the ability to echo one of several 
internal clock sources off chip. These options are con- 
trolled by the bits in WR1 1 as shQwn below. 

WR1 1 Is the Clock Mode Contre>l register for both the 
receive and t ransmi t ck x^s. I t determines the type of 
sig nal on the SYNC and RTxC pins and the direction of 
the TRxC pin. This register also controls the output of the 
baud rate gerterator, the DPLl. output, and th e selec tion 
of either an Input clock or XTAL output.|Of ttie RTxC pin. 



Crystal Oscillator 

3Mi0^MfiS^iamwSo^ is contrplleci bit-C? jn 
PFI1 1 . when IMS bft M set to '0', the crystal oscillator Is 
disabled and all pinsfWSSon nonnally. When this bit is 
set to '1 ', the crystal osdllator Is enab led aflld a high-gain 
amplifi er Is connected between the RTxC pin and the 
SYNC pin. W hile the crystal oscillator Is enabled, any- 
thing that has RTxC selected as Its clock source will 
automiatically be connected to the output of the ciystal 




While the crystal oscillator is enabled, the SYNC pin Is 
unavailable for other use. In Synchronous modes no 
sync pulse is output, and the External Sync mode cannot 
be selected. In Asynchronous mode, the state of the 
SYNC/ HUNT bit In RRO Is no longer controlled by the 
SYNC pin. Instead, the SYNC/HUNT bit is forced to 'O'. 
Note that the crystal oscillator requires some finite ttme to 
stabilize (20 ms) and so must be altowed to stabiSie 
before being used as a ckx^k 

For best results, a crystal oscillator with the following 
specifications should be used; 

• 30ppm@25°C 

• <50 ppm over temperature range of -20 to 70°C 
V^pprp/yra^ng 

• a ^ drive l|vei 

— 



TRxC OUT = XTAL OUTPUT 

TRxc Si^'^HfeiJiMif Sock " 

TRxC OUT = BR GENERATOR OUTPUT 
TRxC OUT =^pPLL OUTPUT 

j aw 

I 1 

TRANSMrT CLOCK = RTxC PST ■f^ -'^- 
TRANSMIT CLOCK = TRxC PIN 
TRANSMIT CLOCK = Bfl GENERATOR OUTPUT 
TRANSMIT CLOCK = qj>l.|.,OUTPUT 












1 


1 





1 


1 





RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = TRxC PIN 
RECEIVECLOCK = BR GENERATOR OUTPUT 
RSeEIVE CLOCK = DPLL OUTPUT 



RTxC XTAUNCrXTAL 



WFHI dock Mode Control 
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The source of the receive clock is controlled by bits D6 
and D5 of WR1 1 . The re ceive cl ock ma y be programmed 
to come from the RTxC pin, the TRxC pin, the output of 
the bajid rate generaitori or the transmit output of the 

opvl:\ ' ^> ■ ^>"- 




Transmit Clock Source 

the sojuroe of 0ie transmit clock is controlled by bits E>4 
and D3 of WR1 1 . The t ransm it clock may be pro- 
grammed to come from the RTxC pin, the TRxQ pin, the 
output of the baud rate generator, or the transn^lDutPMt 

of the DPLL. 



Ordinarily the TRxC pin is an input, but it becomes an 
output if this pin Is not selected as the source for the 
transmitter or the receiver, and bit D2 of WR1 1 is set to 
'1'. The selection of the signal provided on the TRxC 
output pin is controlled by bits D1 and DO of WR1 1 . The 
TRxC pin may be programmed to provide the output of 
the crystal osciliator,^ the output of the .BRQ, the receive 



output of the DPLL or the actual transmit clock. If the 
output of the crystal oscillator is selec ted but the crystal 
oscillator has not been enabled, the TRxC pin will be 
driven High. The op tion of placing the transmit dock 
signal on the TRxC pin, when it is an output, allows 
access to the transmit output of the DPLL. 

Figure S'il shows a simplified s(^ien»tlc diagram of the 
eiicuiti^ used inme i^oek muieidiii^i it shows the 
inputs to the mulUpiexer section as well as the various 
signal inversions that occur in the paths to the outputs. 
Also shown are the edges used by the receiver, transmit- 
ter, BRG, and DPLL to sample or send data or othen«ise 
change state. For example, the receiver samples data on 
the falling edge, but sin ce the re is an inversion in the 
clock path betwee n the RTxC pin and the receiver, a 
rising edge of the RTxC pin samples the data for the 
receiver. 

Clock ProgramirHnFf^ 

Selection of the ck>ck options may be done anywhere in 
the initialization sequence, but the final values must be 




RTxC 
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Figure 5-1. Clock Multiplexer 
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selected before the receiver, transmitter, BRG, or DPLL 
are enabled to prevent problenis from arbitrarily narrow 
dock signals outofttie tn^tlplex^s. The same is true of 
ttie crystal oscillator, in thatthe oulput shoi 
to stabilize before it Is used as a ci6ct( soui^- ^ 

BAUD RATE GENERATOR (BRG) 




T^le 5^1. .Time Constant Formulas 

.' ' •' Clock Frequency 



-2 



Eacil ciiannel in tlie SCC contains a programmable 

BRG. Each generator consists of two 8-bit, time-con- 
stant registers forming a 16-bit time constant, a 16-bit 
down counter, and a flip-flop on the output that mal<es the 
output a square wave. On start-up, the flip-flop on the 
output is set High so that it starts in a known state, the 
value in the time-constant register is again loaded into 
the counter, and the counter begins counting down. 

Upon reaching a count of zero, the output of the BRG 
toggles and the time-constant value held in WR12 and 
WR1 3 is reloaded into the down counter and the process 
of counting down starts over. When the zero count is 
reached, the output of the BRG toggles, , and for the 
duratton of the zero count, the Zero Courtt sbttus s^nad 
goes active to the "Extemal/Statas ir ileiitipt 

Referto?^ gouit§!iStienfor5tefi^9nthe Zero Cour« . 

Status bit in RRO. While the BRG Is disabled the state of 
the Zero Count status bit in RRO will always read '0' 
providing the Zero Count IE bit in WR15 is reset. While 
the Zero Count IE bit is set, the Zero Count status bit in 
RRO will be set to '1 ' for as long as the BRG counter is at 
the count of zero. This status bit Is forced active by a 
hardware reset. 



Time Constarrt 



2 • (Clock Mode) • (Baud Rate) 



Clock Frequency 
2 • (Clock Mode) • (Time Constant + 2) 



ehnid^atd 



Ttdito 5-2. Baud Rate Example 



Divider 



} 


Decimal 


Hex 







OOOOH 


19200 


2 


0002H 


9600 


6 


0006H 


4800 


14 


OOOEH 


2400 


30 


001 EH 


1200 


62 


003EH 


680- 


- 126 


007EH 


300 


254 


OOFEH 


150 


510 


01FEH 



No attempt is made to synchronize the k)ading of a new 
time constant with the clock used to drive the BRG. When 
the time-constant is to be changed, the generator should 
be stopped by resetting bit DO of WR14, ThiSW^M^ihe 
loading of a correct time constant. 

The time-constant for the BRG is programmed in WR12 
and WR13, with the least significant byte in WR12. The 
formulas relating the baud rate to the time-constant and 
vice versa are shown in Table 5-1 with an example. In • 
these formulas the BRG clock frequency is in Hertz, the . 
desired baud rate in bits/second and the time-constant is 
dimensionless. The exaipple i0!i^^,^;S^lgPii^ 
2.4576 Mite clod( frequiency and shows the tlm-^' 
slant for a numb^rof popular toudJSi^^':- >i?f^M • ;iT 



If neither the transmit clock nor th e receive ctock Is 
programmed to come f roni the IBstG pin, the output of the 
BRG may be madie available for extemal use on the 
TRxC pin. 

F^re 5-2 shoMfS a block diagram of the BRG. The BRG 
trpA iSDtl^ from the otAput of a two-lnpiit mutttplexer, 
and the zero count condign is outputed to the Extemal/ 
Status Interrupt section. The BRG may be disabled and 
enabled by <x>mmand and is disabled by a hardware 
reset. 



■^0 v.(i yc k-'^tseie^ <, 
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16 BIT DOWN COUNTER 
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Figure S-2. Baud Rate (teiierator 



WRITE TO WR14 




COUNTER FIRST DECREMENTED 
(AFTER HARDWARE RESET) 



■ 3(1. ; , r :..r ,> • " 

-ENB OF WRit&TO 'Wfi*» WfTH ENABLE 



Rgura 5-3. BRG Startup 



COUNTER FIRST DECREMENTED 
(AFTER PREVIOUS DISABLE) 



BRG 



Clock Source 



The cljock source for the BRG Is selected by bit D1 of 
WR1 4 . When this bit Is set to '0', the BRG uses the signal 
on the TRxC pin as its clock, independent of whether the 
TRxC pin is a simple input or part of the crystal oscillator 

circuit. When this bit is set to '1 ', the BRG is clocked by 
PCLK. Note that in order to avoid metastable problems 
in the counter, this bit should be changed only while the 
BRG is disabled, since arbitrarily narrow pulses can be 
generated at the output of the multiplexer when it 
changes status. 



BRG Enabling/Disabling 

The BRG is enabled while bit DO of WR14 is setto'1 'and 
is disabled while this bit is set to '0'. To prevent metas- 
table protjiems when the BRG is first enabled, the enable 
bit is synchronized to the BRG ck>ck. This introduces an 
additional two count delay when ^JH^isflrst enabled 
as shown in Figure 5-3. 

The BRG is disEd}led Immediately when bit DO of WR14 

is set to '0' and no delay is generated. The BRG may be 
enabled and disabled on the fly, but this delay on startup 
must be taken into consideration. 
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Note thai on the NMOS Z8^ (ngmMlaidiiMli^ 
veiffied that if the BRG is disabled and ttien re-enat>led, 
^ei^dU«rn6ouM6rrnayt>e<M}mdtff«iBHiei^ when 

this happens there will be a delay of (FFFF) • (BRG elk 
period) = 65535 • (BRG elk period) before the down 
counter is loaded with the new time constant. This will 
delay any activity which is controlled by the BRG. 

It is important to clarify that if the underflow condition 
occurs, the resultant delay will occur once. All subse- 
quent BRG controlled delays will be per the programmed 
BRG count value. In a system this onetime delay may not 
cause a failure since activities like data transmission do 
not have to be completed within a fixed time frame. If the 
delay happens, the data remains in the Transmit Buffer 
and^ m transnltted at a latei^ mb.^miimtir. \n 
diagnoisfi6'i«a8nto nteiWM ratedfi^^lause fail- 
iMft^; ^nm^ aiciomei are expeiMrtt^'compteted 
4i(ftM«l*E4#«tae frame. ■ ^ • '' 'a .<^''- 

sr'' ■ ' .'i .. ■ ■; i -M -i.'Lc--"'^"^ 

ijnffifontsjjln t@,gtiaiantee;09ll»$t,Qp|iiation, the 
sec BRG should be operated according to ttie foltowing 
guidelines; 

1) If the BRG needs to be disabled, re-enable it only after 
a hardware reset. This is not always possible or desir- 
able, but will guarantee that no underflow condition will 
decur. " - ' 

2) If the time constant has to be re-loaded, do It "on the 
fly" virith the LSB first. 

,^ • If I^SB is not being used (MSB = OOH), then the 
maximum delay for the new baud rate will be: 

(old LSB) • (BRG Clock cycle) 

• If both MSB and LSB are being used, then loading 
the (lew LSB first rnight generate an intermediate 



ttrne oon^ants. Mfter ilhe new M^1s loaded the 

worst case delay for the new baud rate will be: 

Mi^[(okl MSB^pId LSB),(old MSB.new LSB)] • 

If during the transition from the old baud rate to the 
new one the baud rate is not being used, and the 
above delays are taken into consideration, then 
loading the time constant "on the fly" will not cause 
any problems and will guarantee that no underflow 
condition will occur. 

3) If the BRG has to be disabled and re-enabled without 
ahardware reset, then the baud rate may f3e delated oiie' 
time by 65535 • (BRG elk period). 

BRG Initialization 

Initializing the BRG Isdone in four steps. First, the time- 
instant Is d^snMtfied'inet loaded into WR12 and 
WR13. Next, the processd^must select ttis dock source 
forthe BRG by writing to bit D1 of WR1 4. Hrrally.the BRG 

is enabled by setting bit DO of WR1 4 to '1 '. Note that the 
first write to WR14 is not necessar y after a hardware 
reset if the clock source is to be the RTxC pin. This is 
becau se a hardware reset automatically selects the 
R^r^l^lI'ligp^'BRCaiclock source. 

DATA ENCODING/DECObiNd 

The sec provides four data encoding methods, selected 
by bits D6 and D5 in WR10. An example of these four 
methods is shown In Figure 5-4. Encoding may be used 
for asynchronous or synchronous data as Ibng as the 
dock mode is x1 . Note that the data encpdii:^ method 
selected is active eventhoughtlietr^i®nii^er,0rirc;Geivi9r 
may be idling or disabled. , ■ ' .^ 
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a '0' is represented by a Low level. In this encoding 
method only a minimal arrwunt of clocking information is 
available in the data stream in the form of transitions on 
bit-cell boundaries. In an artxtrary data pattern this may 
not be suff icientl^l^B^iraie a dock for the dala tiorn the 
data itself. 

NRZI (Non-Return to Zero Inverted) 

In NRZI encoding a '1 ' is represented by no change in the 
level and a '0' is represented by a change in the level. As 
in NRZ only a minimal amount of clocking information is 
available In the da^ stream, Ih the form of transitions on 
bit cell boundaries. Iri ariartiitrary da^ J[}attJl0).t^s ma^ 
not be sufficient to generate a dock for the data from the 
data itself. In the case of SDLC Mode operation, where 
the number of consecutive '1's in the data stream is 
limited, a minimum number of transitions to generate a 
clock are guaranteed. 

FM1 (Biphase Mark) 

In FMi encoding, also known as biphase mark, a transi- 
tion is present on every bit cell boundary, and an addi- 
tional transition may be present in the middle of the bit 
cell. In FM1 , a '0' is sent as no transition in the center of 
the bit cell and a '1 ' is sent as a transition in the center of 
the bit cell. FM1 encoded data contains suffieieltt{(^^ 
mation to recover a clock from the data. • .-; . 

FMO (Biphase Space) 

In FMO encoding, also known as biphase space, a 
transition is present on every bit cell boundary and an 
additional transition may t>e present in the middle of the 
bit cell. In FMO a '1' is sent as no transition in the center 
of the bit oeH and a J[' is,<E^ as a transition in the center 
of the bit oe^l; MAt enoxied data contains sutficient 
inf om lation to rseiwer a eioek from the data. 



III duuiiioii lo inese lour meinoas, me £>0(./ can tie used 
to decode Manchester (biphase level) data using the 
DPLL in the FM mode and programming the receiver for 
NRZ data. Manchester encoding always produces a 
transition at the center of the bit cell. If the transition is 
High-to-Low, the bit is a '1'; if the transition is Low-to- 
High, the bit is a '0'. 

Data Encoding Programming 

The data encoding method to be used should be selected 
in the inifiaPzation procedure before the transmitter and 
receiver are enabled but no other restrictions apply. 
Note, in Figure 5-4, that in NRZ and NRZI the receiver 
samples the data only on one edge. IHowever, in FM1 
and FMO, the receiver samples the data on both edges. 
Also, as shown in Figure 5-4, the transmitter defines bit 
cell boundaries by one edge in all cases and uses the 
other edge in FM1 and FMO to create the mid-bit 
transition. 

DIGITAL PHASE-LOCKED LOOP (DPLL) 

The sec contains a DPLL that can be used to recover 
clock information from a data stream with NRZI or FM 
coding. The DPLL is driven by a clock that is nominally 
32 (NRZI) or 16^ (FM) times the data rate. The DPLL uses 
this clock, along with the data stream, to construct a 
teceive clock for the data. This clock can then be used 
as thi^ receive clock, the transmit clock, or both. 

Rgure 5-5 shows a btock diagram of the DPLL. It 
consists of a 5-bit counter, an edge detector, and a pair 
of output d^ders. The clock for the DPLl comes from 
the output of a two-input multiplexer, and the two outjsuts 
go to the transmitter and receive clock multiplexers. The 
DPLL is controlled by seven commands that are encoded 
in bits D7, D6, and D5 of WR14. 
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UPliiL Giosk Source 

The clock for the DPtL is selected t>y, two of the com- 
mandslnWR14. One command selects the output of the 
BR Gasthe clock source, andtheothercommand selects 
the RTxC p in as the ck>ck source, independent of 
whether the RTxC pin is a simple input or part of the 
crystal oscillator circuit. Note that in order to avoid 
metastable problems in the counter, the clock source 
selection should be made only while the DPLL is dis- 
abled, since arbitrarily narrow pulses can be generated at 
the output of the muMpiexer wh««4t changes status. 

DPLL Enabling - ' 

The DPLL is enabled by issuing the Enter Search Mode 
command in WR1 4. This command is also used to reset 
the DPLL to a known state if it is suspdi^iliat synchro- 
(&ation has be^ tost. When used tt tmUkI the DPLL, 

witm mttm»imem»&Pm. i&msxm6, and en^esthe 
edge tieteeior. If ttii 0P4Ji'ls^alr^Kly enabled when this 
command is issued, the DPLL alsdsillM^toiiEH rnsid». 

While in Search mode, the counter is hekJ at a specifk; 
count and no outputs are provided. The DPLL remains 
In this status until an edge is detected in the receive data 
stream. This first edge is assumed to occur on a bit cell 
boundary, andthe DPLL will begin providing an output to 
the receiverthat will properly sample the data. As long as 
no other edges are detected, the DPLL output clock will 
free run at a frequency equal to the DPLL clock source 
divided by 32 without any phase jitter. Upon detecting 
another edge the DPLL will adjust the output clock to 
fiitnafn1nf|)hase witti the receive data adding or 
^fterai^ic(»tiil<^dne. Thiswtllfesultin aphaseftler 
«rtiS:^#ifhe &^r<<)utpuL Becailse the BPtru^ 
t»th edges of the incoming data tocompare with Its clock 
stxirce, a maik-space^ratk> of no greater than ±1.5% 



^rom 50%) should be maintained at the interface for best 
result. Mift first. «io@Jt^tthe DPLL seos .d9es not 
cGcuron sMeMi^liMNMlie BPU- vtMie^^ 
on to the receive data but it will t£d(e tengor 1ft derso. • > . 

DPLL Modes ■ ' 3 r; > 

The DPLL may be programmed to operate in either NRZI 
orFM modes, as selected by acommand in WR14. Note 
that as in the case of the DPLL clock source selection, the 
mode of operation should only be changed while the 

NRZIUode 

In NRZI mode, the clock supplied to the DPLL must be 32 
times the data rate. In this mode the transmit and receive 
clock outputs of the DPLL are identical, and the clocks 
are phased so that the receiver samples the data in the 
middle of the bit cell. In NRZI mode, the DPLL does not 
require a transition in every bit cell, so this is useful for 
recovering the ck>cking information from NRZ and NRZI 
data streams. 

The DPLL uses the x32 clock along with the receive data, 
to constnjct receive and transmit clock ouputs tKat are 
phased to property receive and transmit data. 

To do this, the DPLL divides each bit cell into two regions, 
and makes an adjustment to the count cycle of the 5-blt 
counter dependent upon in which region a transition on 
the receive data Input occurred. This Is shown in Figure 
5-6. Ordinarily, a bit cell boundary will occur between 
count 15 and count 16, and the DPLL output will cause 
the data to be sampled in the middle of the bit cell. The 
DPLL actually allows the transition marking a bit cell 
boundary to occur anywhere during the second half of 
count :I5 or the first half of count 16 without making a 
COilf^ip^tt^.fPH!|,<^le., , ; . , 
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However, if the transition mai1<ing a bit cell boundary 
occurs between tlie middle of count 1 6 and count 31 tfie 
DPLL is sampling the data too early in the bit cell. In 
response to this the DPLL extends its count by one during 
the next to 31 counting cycle, which effectively moves 
the edge of the clock that samples the receive daitaoio^r 
to the center of the bit cell. In a similar manner, jf the 
trar|sition occurs between count and the middle of 
count 15, the output of the DPLL is sampfing the data to 
late in the bit cell. To conect this, the tiPLL shortens its 
count by one during the next to 31 counting cycle, which 
effectively moves the edge of the clock that samples the 
nome data ekaser to the center of the bit cell. , . ■ 

In NRZI mode, if the DPLL does not see any transition 
during a counting cycle, no adjustment is made in the 
following counting cycle. If an adjustment to the counting 
cycle is necessary the DPLL modifies count five, either 
deleting it or doubling it. Thus only the Low time of the 
DPLL output will be lengthened or shortened. While the 
DPLL is in search mode, the counter remains at count 1 6, 
whdre the DPLl. ouQMJts are both High. An exarnple of 
the >PLL in openaiOii is Shown In Figure 5-7. 

FMHtode 

In FM mode, the clock supplied to the DPLL must be 16 
times the data rate. In this mode the transmit clock output 
of the DPLL lags the receive clock output by 90 degrees. 
This is necessary to make the transmit and receive bil cell 
boundaries coincide, since the receive ctock must 
sample the data one-fourth and three-fourths of the way 
through the bit cell. In FM mode the DPLL requires a 
transition in every bit cell, and if this transition is not 
present in two consecutive sampled bit cells, the DPLL 
auto naticaily enters search mode. 

The I }PLL usesthe cl6ci(iiuppfi8i9, akmg wtth the receive 
data to constnict receive aryjftrihsmft dockt>utputd that 
are phased to receive and transmit data properly. In FM 
mode the counter in the D PLL still counts from to 3 1 but 



now each cycle corresponds to 2 bit cells. In order to 
make adjustments and remain in phase with the receive 
data, the DPLL divides a pair of bit cells into five regions, 
making the adjustment to the counter dependent upon 
which region the transition on the receive data input 
occurred. This is shown in Figure 5-8. 

Ordinarily, a bit cell twundary will occur between count 1 5 
or count 16, and the DPLL receive output will cause the 
data to be sampled at one-fourth and three-fourths of the 
way through the bit cell. J.he DPLL actually allows the 
transiSon marking a bit ceil beuixiMiMo occur anywhere 
during the second half of count 15 oi^efirst half of count 
16 without making a oorrecdon to itegiliMl^cyeite. ' 

H0««eviw:^if the transition Biail^ a bit cell boundary 
occurs between the middle of ooUMI M £md the middletif 
count 19 the DPLL is sampling the-dataioo early In the 
bit cell. In response to this the DPLL extends its count by 
one during the next to 31 counting cycle, which effec- 
tively moves the receive clock edges closer to to where 
they should be. In FM mode any transitions occurring 
between the middle of count 19 in one cycle and the 
middle of count 12 during the next cycle are ignored by 
the DPLL. This is necessary to guarantee that any data 
transitions in the bit cells will not cause an adjustment to 
the counting cycle. 

As in NRZI mode, if an adjustment to the counting cycle 
is necessary, the DPLL modifies count 5, either deleting 
it or doubling it. If no adjustment is necessary, the count 
sequence proceeds normally. .While the DPLL is in 
Search mode, the counter remains at count 1 6, where the 
receive output is^Low and the transmit output is Low. This 
fact can be used to provide a transmit clock under 
software control since the DPLL is in Search mode while 
it is disabled. Note that while the DPLL is disabled the 
transmit clock output of the DPLL may be toggled by 
alternately selecting FM and NRZI mo6e in the DPLL. 
The same is true of the receive ck>ck. 
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Manchester Decoding Mode 



In addition to 1=1^ and NRZI encoded data, the DPLL may 
^so be ussd to recover the clock from Maneb^er 
encoded data, which contains atransifloft arat#edMta«l9f 
every bit cell. Here It is the direction of the transition that 
distinguishes a '1 ' from a "O*. Another way of looking at 
Manchester encoding is to realize that, during the first 
half of the bit cell the data are sent; during the second half 
of the bit cell the complement of the data are sent. This 
is shown in Figure 5-9, along with the DPLL output if it 
thinks that the mid-bit transitions are really bit cell 
boundaries. As is obvious from the figure, if the receiver 
samples the data on the falling edge of the DPLL receive 
ck>ck output, the Marwhester data will be properly de- 
cdded. This occurs nl VMi receiver is programmed to 
accept NRZ data. 

FM Mode DPLL Receive Status 

From the above discussion together with an examination 
of FMO and FM1 data encoding, it should be obvious that 
only ckiGk transitions should exist on the receive datapin 



wften the DPLL is programmed to enter Search mode. K 
flits isnotthei^isMe DP^Umay attenFipttoleck on toVm 

ttnuoud 's received when leaving Seatt^ n»de. in FMt' 
gnedding it is continuous 'O's; with Manche^ eftcoded 
data this means altemaenn ^1 's and 'O's. 

With ail three of these data encoding methods there will 
be at least one transition in every bit cell, and in FM mode 
the DPLL is designed to expect this transition, inparticu- 
lar, if no transition occurs between the middle of count 1 2 
and the middle of count 19, the DPLL is probably not 
locked onto the data properly. When the DPLL misses an 
edge the One Clock Missing bit in RR10 is set to '1 ' and 
latched. It will hold this value until a Reset Missing Clock 
command is issued in WR 1 4 or unti I the DPLL is disabled 
or programmed to enter the Search mode. 

Upon missing this one edge the DPLL takes no other 
action and does not modify its count during the next 
counting e^$He.M;Ho«wever, if the DPLL does not see an 
edge bdtitimmm-a«imm<it3uri 12 andltieafHdcfle ol 
count 19 in two successive to 31 count cyctes. a Ipf 
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error condition is assumed. It ttiis occurs, the two Clocks 
Missing bits in RR10 are set to 'V and latched. At the 
same time the DPLLentersthe Search mode. The DPLL 
makespe decisiQO to^triter Search mode during count 2, 
where both the mealwft and transmR dock outputs are 
Low. jThis prevents any glitches on the clock outputs 
when Search mode is entered. While in Search mode no 
clock (irtputsaFef]i«S«ldsdby«ie(}PI^. The two Clocks 
Missing bit in RRrOfel^^ lintil e Reset Missing Ck)ck 
command is issued in WR1 4, or until the DPLL isdisabled 
or programmed to enter the Search mode. 

In NRZI Mode of operation and while the DPLL is dis- 
abled, ^he One and Two Ctock Missing bits in RR10 will 
be reset to "O". 

DPLL Initialization 

Initialization of the DPLL may be done at anytime during 
the initialization sequence, but should probably be done 
after the clock modes have been selected in WR1 1 , and 
before the receiver and transmitter are enabled. 

When initializing the DPLL the clock source should be 
selected first, followed by the selection of the operating 
mode. At this point the DPLL, may be enabled by issuing 
the Enter Search Mode command in WR14. Note that a 
chann pl or hardware reset disables the DPLL, selects the 
RTxC }in as the clock source for the DPLL, and places it 
in the ^RZI mode 



DIAGNOSTIC MOD^ 



The sec contains two other features useful for diagnos- 
tic purposes controlled by bits in WR14. These are Local 
Loopback and Auto Echo. 

Local Loopback . ^ : ,. a,^ 

Local loopback is selected when bit D4 of WR1 4 is set to 
'1 '. In this modeihe output of the transmitter is internally 
connected to the input of the receiver. At the same time 
the TxD p in rem ains connected to the transmitter. In this 
mode the DCD pin is ignored as a receiver enable and the 
CTS pin is ignored as a transmitter enable even if the 
Auto Enables mode has been selected. Note that the 
DPLL input Is connected to the RxD pin, not to the input 
of the receiver.' This precludes the use of the DPLL in 
Local Loopback. Local Loopback is shown schemati- 
cally in Figure 5-10. 

Auto Echo 

Auto Echo is selected when bit D3 of WR14 is set to '1'. 
In this mode the TxD pin is connected directly to the RxD 
pin, and the re ceive r input is connected to the RxD pin. In 
this mode the CTS pin is ignored as a transmitter enable 
and the output of the transmitter does not connect to 
anything. If both the Local Loopback and Auto Echo bits 
are set t o '1', the Auto E cho m ode will be selected, but 
tx>th the CTS pin and the DCD pin will t>e igmred as auto 
enables. This, however, stioukt^not tea (iensidered a 
normal operating mode. Auto Echo is shown schemati- 
cally in Figure S-11. 
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The following sections describe the SCC registers. Each 
register is detailed in terms of bit configuration, the active 
states (See Table 6-1) of each bit, their definitions, their 
; functions, and their effects upon the internal hardware 
and external p$F6, - 

b*** -df -'■ X f.;'-r-r : 

^lafr-1.-iSdC Register Description ^ 



-.mm.:- 



Description 



RRO Xmit/Receive Buffer Status and Ext Status 

RR1 Receive Condition Status/Residue Codes 

RR2 Interrupt Vector (modified in B Chann^ 

RR3 Interrupt Pending (Chanpel A only) .^,-c 

RR8 Receive Buffer •„ .„•, 

BRIO. Lj^l^QCk Status . ir-i r. f . 

,HBt3^- ^iQ^'i^QttimeCon^ant 

.BR13 _.i,Jpp^^eof'nrneCoristarTt 

, RR^ 5r Extemgl ^atus Interrupt Enable 



wrHe 
Register 



Description 



WRO Command Register 

WR1 Tx/Rx Interrupt and Data Xfer Mode Defini- 
tion 

WR2 Interrupt Vector 

WR3 Receive Parameters and Control 

WR4 Tx/Rx Miscellaneous Parameters and 
Modes 

^mm Transmit Ruafneter ^Gti^tiiete " ' ' 

^WR6 Sync CHarad&r dr SO£:@^r^ma 

WR7 Sync Character or SDLC Raig 

WR8 Transmit Buffer 

WR9 Master Intermpt 

WR1 Misc Transmitter/Receiver Control Bits 

WR1 1 Clock Mode Control 

WR1 2 Lower Byte of Baud Rate Generator Time 
Constant 

R13 Upper Byte of Baud Rate Generator Time 

. Constant 

'WRf4 Miscellaneous Control Bits 

WR15 External Status/Interrupt Control 



The SCC write register for each channel includes ten 
control registers, two sync character registers, two baud 
rate time constant registers, a transmit buffer, and a 
master interrupt register. The following sections de- 
scribe in detail each write/egister and the. associated bit 
configuration for each. 

Write Register (Command Register) 

WBO is the commarxl register and the CRC reset code 
re^stMr-F^ipe ^lshows4he bit conf ^ration for WBO. 
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N ull code (00). This command has no effect on the 
sec and is used when a write to WRO is necessary 
far Sonne r^son other thsn a Cl^ Reset ctimmand. 

Reset Receive CRC Checker (01). This command 
is used to initialize the receive CRC circuitry. It is 
necessary in synchronous modes (except SDLC) if 
th e Enter Hunt Mode command in Write Register 3 is 
not issued between received messages. Any action 
that disables the receiver initializes the CRC cir- 
cuitry. Also, whenever the receiver is in Hunt mode, 
or whenever a flag is received, the CRC checker will 
bi! automatically reset in SDLC mode. 

' Reset Transmit CRC Generator (10). This com- 
nrand initializes the CRC generator. It is usually 
issuedin tie itiMattzation routine and after the CRC 
hi IS been transmitted. A Channel Reset will not 
initialize the generator and this command should not 
bi 3 issued until afterthe transmitter has been enabled 
in the initialization routine. 

Reset Transmit Underrun/EOM Latch (11). This 
command controls the transmission of CRC at the 
eiid of transmission (EOM). If this latch has been 
reset, and a transmit undermn occurs, the SCC 
automatically appends CRC to the message. In 
S0LC mode with Abort on Underain selected, the 
see sends an abort, and Flag on undermn if the TX 
UnderwnSOMMetll^been reset. 



At the start of the CRC transmission the Tx Underrun/ 
EOM latch is set. The Reset command can be issued 
at any time during a message, if the transmitter is 
disabled this command will not reset the latch, 
hlowever, if no External Status interrupt is pending, 
or if a Reset External Status Interrupt command ac- 
companies this command while the transmitter is 
d sabled, an Extern§il/Status interrupt is generated 
with the Tx Ui«tofrun/EOM bit rest in RRO. 

Bits uS~D3: Command Codes 

Null Code (000). Tlw Null command has no effect 
o[itheSCC. 

Point High (001). This command effectively adds 
eight to the Register Pointer {D2-D0) by allowing 
vyR8 through WR1 5 to be accessed. The Point High 
command and the Register Pointer bits are written 
simultaneously. 

Reset External/Status Interrupts (010). After an 
External/Status interrupt (a change on a modem line 
or a break condition, for example), ttis st^usbits in 
R|RO are latched. This command enatjies the bits 



and allows interrupts to occur again as a result of a 
status change. Latching the status bits captures 
short pulses until the CPU has time to read the 
change. The SCC contains simple queueing togic 
associated with most of the external status bits in 
RRO. If another External/Status condition changes 
While a previous condition is still pending (Reset 
Bdemal^atus Interrupts has ne» yet been issued) 
andthis condition persists unfll la^Hhe command is 
issued, this second change causes another 
External/Status interrupt. However, if this second 
status change does not persist (there are two transi- 
tions), another interrupt is not generated. Excep- 
tions to this rule are detailed in the RRO description. 

Send Abort (001). This command is used in SDLC 
mode to transmit a sequence of eight to thirteen 'Is.' 
This command always empties the transmit buffer 
and sets Tx Underrun/EOM bit in Read Register 0. 

Enable interrupt on Next RX Character (100). If 
the interrupt on the First Received Character mode 
is selected, this command is used to reactivate that 
mode after each message is received. The next 
character to enter the receivg FIFO cguses a Re- 
ceive ir^rnipt. ' Alternati#l|f; MPM previously 
stored character in the FIFO will a Receive 
interrupt. ' 

Reset Tx Interrupt Pending (tODi. This command 
is used in cases where thei»M;nMiore characters 
to b@,8ent: @.g.„ at the enA t^iSifflessage. This 
command prevents further transmit interrupts until 
after the next character has been loaded into the 
transmit buffer or until CRC has been completely 
sent. This command is necessary to prevent the 
transmitter from requesting an interrupt when the 
transmit buffer becomes empty again, (with Transmit 
Internjpt Enabled) on the last data character 
transmitted. 

Error Reset (110). This command resets the error 
bits in RR1. If Interrupt on First Rx Character or 
Interrupt on Special Condition modes are selected 
and a special condition exists, the data with the 
special condition is held in the receive FIFO until this 
command is issued. If either of these modes is 
selected land this command is issued before the data 
have been read from the Receive FIFO, the data 
are lost. 

Reset Highest lUS (111). This command resets the 
highest priority internjpt Under Sen/ice (lUS) bit, 
allowing lower priority coi^ii^ to request inter- 
rupts. This command alk»^^ Use of the internal 
daisy chain (even in systems without an external 
daisy chain) and should be the last operation in an 
interrupt service routine. 
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these three bits select Registers through 7. With the 
Pdini command. Registers 8 through 15 are 

!iwm»mglster 1 (TransmMiiMii^lrllil^ 
^i^fipt artd Data transfer Modi DeflhNtl»i^^ 

Write Register 1 is the control register for the various 
sec interrupt and Wait/Request nrodes. Figure 6-2 
.shQws.t^ebtt assignments for WR1. ...u.,. 

BUT: wM/MlSiwetllBMEn^ 

This bit enables the Wait/Request function in conjunction 
with the Request/Wait Function Select bit (D6). If bit 7 is 
set to '1', the state of bit 6 determines the activity of the 
WAIT/REQUEST pin (Wait or Request). If bit 7 is set 
to '0 ' , the sele cted function (bit 6) forces the 
WA1T/REQUE§T pin to the appropriate inactive state 
lipft f^?''*^M^st, floating for WaitK^^^^ ' " 

^If6: W/iltfDMA lietiamPihi^on 



The request function is selected b y setting this bit to '1 '. 
In the DMA Request niode, the WAIT/REQUEST pin 
switches from High to Low when the SCC is ready to 
jlransfer data. When this bit is '0 ', the wait functio n is 
selected. In the Wait mode, the WAIT/REQUEST pin 
'Switches from floating to Low when the CPU attempts to 
'ti^nsf er data before the SOC is t«ady. 

Bn s: 'WMrmUlA Request On t^gsti/e friutmilt 



This bit determines whether the WAIT/REQUEST pin 
operates in the Transmit mode or the Receive mode. 
When set to ' 1 ', this bit allows the wait/request function to 
follow the state of the receive buffer; i.e .. depending on 
the state of bit 6. the WAIT/REQUEST iiin is active or 



inactive in relation to the empty or full state of the receive 
buffer. Conversel y, if this bit Is set to '0'. the state of the 
WAIT/ReOUEST pin Is cHIMnined by bit 6 and the state 
df the CftMsmR bii8Hr.<^ (N fite that a transm it Yequest 
function is av^1abi'@t»Hti#®TR/REQUESrP This 
allows fuli-dupl«x ^lAiattion'UtKler DMA centtol \ik both 
channels.) 

The request function may occur only when the SCO Is not 
selected; e.g., if the internal request becomes active 
while the SCC is in the middle of a read or write cycle , the 
external request will not become active until the cycle is 
complete. An active request output causes a DMA 
controller to initiate a read or write operation. If the 
request on Transmit mode is selected in either SDLC or 
Synchronous nrode, the Request pin Is pulsed Low for 
{WuLHCULfiycle at the end of ORC transmission of 
artra)WDnra< of data. 



In the Wait On Receive rtxjde, the WAIT pin is active if the 
CPU attempts to read SCC data that have not yet been 
received. In the Wait On Transmit mode, the WAIT pin is 
active If the CPU attempts to write data when the transmit 
buffer Is still full. Both situ^ons can occur frequently 
when block transfer Instructions are used. 

Bits 4 ana 3: Receive Intenupt Modes 

These two bits specify the varlous.character-available 
conditions that may cause interrupt requests. 

Receive Interrupts Disabled (00). This mode pre- 
ventsthereceiverfFocniisquestinganiMerruptandls 
nonnally used in a-poM imviroiameilit where either 
the status bits in RRO or the mocBlied wfctor in RR2 
(Channel B) cari be monitored ib ihifiate a service 
routine. Although the receiver Interrupts are dis- 
abled, a ^peciai bondltion can still provide a unique 
vector status in RR2. 
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EXT INT ENABLE 
Tx INT ENABLE 



PARrrv IS SPECIAL CONDITION 












1 


1 





1 


1 



Rx INT DISABLE 

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 
INT ON AitL Rk CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONDITION ONLY 



wait/dma request on receive/transmit 
Wait/DMA request function 

WArr/DMA REQUEST ENABLE 



Figure 6-2. Writa Register 1 
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in tnis mode on the first available character (or stored 
FIFO character) or on a special condition. Sync 
characters tp be stripped from the message stream 
.^Q^feeauss intanrupts. 

Special receive conditions are: receiver overrun, 
framing error, end of frame, or parity error (if se- 
lected). If a special receive condition occurs, the 
^ata contagingtip error are stored In Vne receive 

EIFO until an Bmt Reset command is Issued by the 
PU. 

This mode is usually selected when a Block Transfer 
mode is used. In this interrupt mode, a pending 
special reqei^a $»ridltion remains set until either an 
Error Resel Aoimiand, a channel or hardware reset, 
or until receive interrupts are disabled. 

|"he Receive Interrupt on First Character or Special 
Condition mode can be re-enabled by the Enable Rx 
Interrupt on Next Character command in WRO. 

Interrupt on All Receive Characters or Special 
Condition (10). This mode allows an interrupt for 
every character received (orcharader in the receive 
^IFO) and provides la urtque^^cml' When a ^edal 
condition exists. The Receiver Ovenun bit and the 
parity Error bit in RR1 are two special conditions that 
are latched. These two bits must be reset by the 
Error Reset command. Receiver overrun is always 
a special receive condition, and parity can be pro- 
grammed to be a special condition. 

pata characters with special receive conditions are 
rjiot held in the receive FIFO in the Interrupt On All 
Receive Characters or Special Conditions mode as 
they tim nMst PSCe^e interruptirx^esu. ^ 

Receive Interrupt on Special Condition (11). This 
mode allows the receiverto internjpt only on charac- 
ters with a special receive condition. When an 
interrupt occurs, the data containing the error are 
held In the receive FIFO until an Error Reset com- 
mand is issued. When using this mode in conjunc- 
tion with a DMA, the DMA can be initialized and 
enabled before any characters have been received 
by the sec This eliminates the time-critical section 
op code required in the Receive Interrupt on First 
Character or Special Condition mode; i.e., all data 
can be transferred via the DMA so that the CPU need 
not handle the first received character as a special 
case. 



II mis Oil IS s^i lo f , any receivea cnaracters with parity 
not match^ the sense prpgrammed In WR4 give rise to 
a Special Receive Condition. If parity is disabled (WR4), 
this bit is ignored. A special condition modifies the status 
of the interrupt vector stored in WR2. During an interrupt 
acknowlo:jpej^§|,^|^y^orcarvl^ef(ac§^ 
bus. 

BItl: Transmitter Interrupt Enable 

If this bit is set to "1 ', the transmitter requests an internjpt 
whenever the transrrg jjuffer (i^pQomeS; 

Bit O: External/Status Master Interrupt Enable 

This bit is the master enable for External/Status inter- 
rupts including DCD, CTS, SYNC pins, break/abort, the 
beginning of CRC transmission when the Transmit/ 
Undermn/EOM latch is set, or when the counter in the 
baud rate generator reaches '0'. Write Register 15 
contains the individual enable bits for each of these 
sources of External/Status interrupts,^ T^ifibl^reset^ 
a channel or hardware reset. 

Write Register 2 (Interrupt Vector) 

WR2 is the interrupt vector register. Only one vector 
register exists in the SCC, but it can be accessed through 
either channel. The interrupt vector can be modified by 
status information. This is controlled by the Vector 
Includes Status (VIS) and the Status High/Status Low 
bits in vyR9. The bit positions for WR2 are shown in 
Figure 6-3. 



D, De Dj D4 D3 Dj D, □„ 



V2 



' Vs 

I V6 

V7 

, F^lgure 6-3. Write Register 2 
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Write Register 3 (Rei^ve Parameters and 
Control) 

This regislertentains the oorxmi bits,and parametefs for 
thereq^iviNagtoasiil^ 

is readabla by executing a Read-ta RNjwh^n B@ of 
WRlSs0^t%dfWftraresett6'^i ! 

•. ■'!!,: 

The state of these two bits determines ttile n|im^ ef bite 
to be assetnbledie.acharacteririthe received serial data 
stream. Tat^e 6-^ ifsitS the number of bits per character 
in the assembled character format. The number of bits 
per character can be changed while a character is bemg 
assembled, but only before the number of bits currently 
programmed is reached. Unused bits in the Received 
Data Register (RR8) are set to '1' in asynchronous 
modes. In synchronous modes and SDLC nwdes, the 
sec transfers an 8-bit section of the serial data stream 
tothe receive FIFO at the. approprige time. . 





Table 6-2. 


Receive Bits/Character 




D. 


Character Length 








5 Bits/Character 





1 


7 Bits/Charapter jcs'i" 


1 





6 Bits/Character > f",!. ;■.•■>■>', h 


1 


1 


8 Bits/Character 


BHS: AatoEiuOties 



This b it pro grams the function for both PCD and CTS 
pins. CTS beqopes the transnttter enable and DCD 
becomes! the receiver enable when this bit is set to 



However, the Receiver Enab le a nd Tra nsmit Enable bits 
must be set before the DCD and CTS pins can be used 
in this ma nner. V/hen the Auto Enables bit is set to '0'; the 
DCD and CTS pins are merely inputs to the correspond- 
ing status bits in Read Register 0. The state of O CD is 
'"^fibred in the Local LoopGacIc rtiodel The statehof CTS 
^'S^rad inboth Auto E^iand Lo<^ Lobpbael^l^es. 

TN^cemnandtotcesfhe ccMnparfson of sync characters 
or flags for the puqsose dli^iichronteiMal. After reset, 
the sec automatically enters the Hunt mode (except 
asynchronous). Whenever a flag or sync character is 
matched, the Sync/Hunt bit in Read Register is reset 
and, if External/Status Interrupt Enable is set, an intermpt 
sequence is initiated. The SCC automatically enters the 
Hunt mode when an abort condition is recei^'brwhen 
the receiver is disabled. ' ' 

Bit 3: Receiver CRC Enable 

This bit is used to initiate CRC calculation at the begin- 
ning of the last byte transferred from the Receiver Shift 
register to the receive FIFO. This operation occurs 
independently of the numberof bytes in the receive FIFO. 
When a particular byte is to be excluded from CRC 
. calculation, this bit should be reset before the ne!$t byte 
Is transferred to the receive FIFO. Ifthis feature fs used, 
care must be taken to ensure that eii^t bits per character 
is selected in the receiver because 6f an inherent dejay 
from the Receive Shift registerto the CRC checker. 

This bit is intemally set to 'V in SDLC riibde sihdihe SCC 
calculates CRC on all bits except inserted zeros between 
the opening and closing character flitgs. This bit is 
. igi^jeriip a^nchronQus , , 



no- J... jf" r 
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Rx ENABLE 

SYNC CHARACTER tOAD INHmiT 
ADDRESS SEARCH MODE (SOLC) 
fix CRC ENABLE 

ENTER HUNT MOUE <'"J''2i.' 
AUTO ENABLES •Wfe' f T 



Rx 5 BITS/CHARACTER 

Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 



■ -1 iO^ ■ 



Figure 6-4. WrHa Register 3 
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(SDLC) 



ting this bit in SDLC mode causes messages with 
dresses not ip^hi^.the ad^^ programmed in 
^6 to be rejected; Receiver interrupts can qccur in 
s mode unlessthere is an address match. The address 
th^t the sec attempts to match can be unique (1 in 256) 
or multiple (16 in 256), depending on the state of Sync 
Onaracter Load Inhibit bit. The Address Search mode bit 
is ignored in all modes except SDLC. 

Bit 1: SYNC Character Load Inhibit 

If tills bit is set to '1' in any synchronous mode except 
SdLC, the sec compares the byte in WR6 with the byte 
alX)ut to be stored in the FIFO, and it inhibits this load if 
the bytes are equal. The SGC does not calculate the 
CRC on bytes stripped from the data stream in this 
manner. If the 6-bit sync option is selected while in 
Monosync mode, the compare is still across eight bits, so 
WR6 must be programmed for proper operation. 

If the 6-bit sync option is selected with this bit set to '1 ', all 
sync characters except the one immediately preceding 
the data are stripped froriithe nje^ge. |f the 6-bit sync 
option is sele<^e#!iMMtwiirt|i«i4^^to4W!itei#^^ 
ignored. 

The address recognition logic of the receiver is modified 
in SDLC mode if this bit is set to "1 ;" i.e., only the four most 
sigriificant bits of WR6 must match the receiver address. 
This procedure allows the SCC to receive f ramesf rom up 
to 116 separate sources without programming WR6 for 
eacp source (|f each station address has the four most 
sigrjificant bits in common). The address field in the 
^fran|ie is still eight bits long. 



Thi^ bit is ignoredin SOiS nMmMAtm S^rch rfiode 
has not been selected. 

BIti): Receiver Enable 

Whdn this bit is set to '1 ', receiver operation begins. This 
tiit should be set only after all other receiver parameters 
are established and the receiver is completely initialized. 
This bit is reset tff a efianriel'«'liaRMare reset oom- 
marid, and it disables the receiver. ^ 

Write Register 4 (Transmit/Receiver 
Miscellaneous Parameters and Modes) 

Wr4 contains the control bits for both the receiver and 
the transmitter. These bits should be set in the transmit 
and receiver initialization routine before issuing the 
contents of WR1 , WR3, WR6, and WR7. Bit positions tor 
WR4 are shown in Figure 6-5. This register is readable 
by executing a read to RFM when DO of WR15 and D6 of 
WR7aresetto'1'. 



PARtry.fNASlE „ 
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SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 

1 Vi STOP BITS/CHARACTE 

2 STOP Brr»c»f4^Ai|rER 
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1 





1 


1 



8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 












1 


1 





1 


1 



X 1 CLOCK MODE'. 
Xie CLOCK MODE ^' ' ' ' 
X32 CLOCK MOoii"'^ 
X64 CLOCK MODE 



Fl8UI»S^.^li(tl«< RoSMh' 4 



BHs 7and6: C^iQkRami AndO ' "\ 

These bits specify the multiplier between the clock and 
data rates. In synchronous modes, the 1 X mode is forced 

Internally and these bits are ignored unless Extemal 
Sync mode has been selected. 

IX Mode (00). The clock rate and data rate are the 
same. In Extemal Syn c mode , this bit combination 
S06(^fies that only the SYNC pin can be used to 
achieve character synchronization.- 

16X lUode (01). The clock rate is 16 times the data 
rate. In Extemal Sync nrode, this bit combination 
specifies that only the SYNC pin can bp used to 
achieve character synchronization. 

32X IMode (10). The clock rate is 32 times the data 
rate. In Extemal Syn c mode , this bit combination 
specifies that eitherthe SYNC pin or a match with the 
character stored in WR7 will signal character syn- 
chronization. The sync character can be either six or 
eight bits k>ng as specified by the 6-bnS't^t%nc bit 
in WR10. 

64X IVIode (11). The clock rate is 64 times the data 
rate. With this bit combination in External Sync 
mode, both the receiver and transmitter are placed in 
SDLC mode. The only var iation from normal SDLC 
operation is that the SYNC pin is used to start or stop 
the reception of a frame by forcing the receiver to act 
as though a flag had been received. 
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BHs 5 and 4: SYNC Modes 1 And 

These two bits select the various options for character 
synchronization. They are ignored unless synchronous 
modes are selected in the stop bite ftekjtof^fegislvr. 

Monosync (00). in this mode, the receiver achieves 
character synchronization by matching the character 
stored in WR7 with an identical character in the 
received data stream. The transmitter uses the 
character stored in WR6 as a time fill. The sync 
:,. , , charag^if <m >^ ^ther six or #^tititlitSiiieg<il^&jll 

Sync Charac^^bead Ipl^ imtM^aiMim 
strips the cortents of WR6 frem the <^ sti»w If 
received with'mchafacterboUflAlHi^'iS^ 

Bisyne mi- Hie coileatenatk)n«HlWnNMfMi WR6 
isusedldr lecelversynchronizafionsntfaBinMnil by 
the transmitter. The sync character can be 1 2 or1 6 
bits in the receiver, depending on the state of the 6- 
bit/8-bit Sync bit in WR10. Ttis^ransmitted chara<Aer 
is always 16 bits. 

SDLC KAode (10). In this mode, SDLC is selected 
and requires a flag (01 1 1 1 1 1 0) to be written to WR7. 
The receiver address field should be written to WR6. 
The SDLC CRC polynomial must also be selected 
(WR5) in SDLC mode. 

External Sync Mode (11). In this mode, the SCC 
expects extern al logic to signal character synchroni- 
, zation via the SYNC pin. If the crystal os cillator 
; r; option is selected (in WR11), the internal SYNC 
Signal is forced to '0'. Also in this mode, bits D7-D6 
of this register select a special version of External 
Sync mode. The transmitter is in Monosync mode 
using the contents of WR6 as the time fill with the 
^nc ^iraracter leength specified 1^ the 6^IM-^t 

mtsS^nm: StopWts 1 and O 

These bits determine the number of stop bits added 
to each asynchronous character that is transmitted. 
Thfi^gf^epilwayf 'Checks fc^one gopliit in Asyn- 
chfoni»tis mode. A Special that a 

Synchronous mode is to be selMedL ^'is always 
set to '1', by a channel or hardware reset to ensure 
that the SYNC pin is in a known state after a reset. 

Synchronous Modes Enable (00). This bit combi- 
' nation selects one of the synchronous modes speci- 
"* "fled by bits B4, B5, B6, and B7 of this reglsfefr and 
*' tootle ixpeek mode int^rsi^- . ' 



1 Stop Bit/Character (1). This bit selects Asynchro- 
nous mode with one stop bit per character. 

11/2 Stop Bits/Character (10). These bits select 
Asynchronous mode with 1-1/2 stop bits per charac- 
ter. This mode cannot be used with the IX docit 
modK'>' 

2 Stop Bits/Character (11). These bits select 
Asynchronous mode with two stop bits per transmit- 
ted>character and ch^-fbr one-received stop bit. 

m i s Parity EmmOd^ 

This bit detemilnes whether parity is checked as even or 
odd. A '1 ' programmed here selects even parity, and a 'C 
>«glects odd iKuilt^^ IMbtMiiftignerod if Ihe Parity Enable 

bit is not set. j .r : 

BltO: Parity Enable 

When this bit is set, an additional bit position beyond 
those specified in the bits/character control is added to 
the transmitted data and isexpected in the receive data. 
The Received Rarity bit js4iq«isferred tQ^e GPtl as pait 
.igittMijdatai|iiiH8 eigW«Hs per character is selected fti 

Write Register 5 (Transmtt j%ramet(»r and 
Controls) 

WR5 contains control bits that affect the operation of the 
transmitter. 82 affects both the transmitter and the 
receiver. Bit positions for WR5 are shown in Figure 6-6. 
This register is readable by executing a read to RR5 
when DO of VWSlS asxim of WRr are set to 'l '. 
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Tx CRC ENABLE 
RTS 

SDLC;CRC-16 

Tx ENABLE 
SEND BREAK 












1 


1 





1 


1 



Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHAIiACTEn 
Tx 6 BITS/QMARACTER 
Tx 8 BITS/CHARACTER 



DTR 



:Fima 6-^. Write Register 5 
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0|«ter 



BH p Data Tamilnal Ready 



This is the control bit for the DTR/REQ pin while th e pin 
is in the DTP mode (sele cted in WR14). When set, DTR 
is Low; whe n reset, DTR is High. This bit is ignored w hen 
DTR^REQ is programmed to act as a REQUEST pin. 
This bit is iBsei ly a «liannel or haidw»0 raaSt^ r ■ 

Bits 6 and S: TX BIts/ChaiactBr 1 and 

These t)its control the number of bits in each byte 
transferred to the transmit txiff er. Bits sent must be right 
justi^ed with lease ^giMicant baeHnfc^ ''*v^ - 

The Five Or Less mode allows transmission of one to five 
bits per character; however, the CPU should format the 
data character as shown below in Table 6-3. In the Six 
or Saven Bits/Character modes, unused data bits are 
ignoed. 

Blt^: Send Break 

-When set, this t>it forces the TxD output to send continu- 
ous i'O's beginning with the following transmit clock, 
llessof any data being transmitted atthetime. THs 
iA fiire^ons wtuttieRCK^iot the travismittar is erudsM. 
When reset, TuSD oorffinues to send the contend of the 
Transmit Shift register, which might be syncs, data, or all 
'1*^. WthisbitissetwhileintheXZI mode (Monosync and 
Loop mode selected) and character synchronization is 



Tabto 6-3. Transmit Bits/Character 



3, 0, Character Length 



Oj 0. D, ©. 



O" ~ir St» less Mts/Characier 

1 7 bits/character- 

1 6 bits/character 
1 1, S bits/character 



1 1 1 Do 
1 1 D, Do 
1 © \ ti, D ■ 



D3 Dj D, D„ 
D, D3 D, D, D„ 



Sends one data bit 

Sends two data bits 

Sends three data 
bits 

Sends four data bits 
Series five data bits 



achieved in the receiver, this bit is automatically reset 
and the transmitter begins sending syncsordata. This bit 
can also be reset by a channel or hardware reset. 

ae^^muanmWmiUa 

Data is not transmitted until this bit is set, and the TxD 
output sends continuous '1 's unless Auto Echo mode or 
SDLC Loop mode is selected. If this bit is reset after 
transmission has started, the transmission of data or 
sync characters is oonpleted. If the transmitter is dis- 
abled during the transmissiion of a ORG character, sync 
or flag charai^ers are sent iii^iEKJ^^^C. This bit is 
resSt'by a Chanel # h£ird\^8fre ?e^,? -=^!~' 
. • V.-.; •v. t- ■■•••(}ir*co« »» 

Btt2: SDLacaomc'i^&t ■■ 

This biteeleds'the-GflG potynomial used by lwth the 
bansmitlsraiKiraceiyer. AWhepseikttaH^^-l 6 polyno- 
mial is'used; when reset, the ^QLC^ynomial is used. 
The SDLC/CRC polynomial must be selected when 
SDLC mode is selected. The ORG generator and 
chedcer can be preset to all 'O's or all '1 s, depending on 
the state of ttie Preset 1/Preset pf^in W^,1Q. , , . ^ 

BUI: Reqimst To Send 

This is the control bit for the RT5 pin. When the RTS bit 
is set, the RTS pin goes Low; when reset RTS goes High. 
In the Asynchronous mode with the Auto Enables bit set, 
RTS goes High only after all bits of the character have 
been sent and the transmit buffer is empty. In synchro- 
nous modes or the Asynchronous mode with auto en- 
ables off, the pin directly follows the state of this bit. This 
bit is reset by a channel or hardware reset. 

BItO: Transmit CRC Enable 

This bit determines whether or not CRC is calculated on 
a transmit character. If this bit is set at the time the 
character is loaded from the transmit buffer to the Trans- 
mit Shift register, CRD is calartaieds<citi thatt character. 
CRC is not automatically sent uiiless tfiis bit is set when 
the transmit underrun exists. 



Write Register 6 (Sync Characters or 

SDLGi^cWrea* Field) . 

WR 6 is programmed to contain the transmit sync char- 
acter in the Monosync mode. The first byte of a 16-bit 
sync character in the External Sync mode WR6 is not 
used in asynchronous modes. In the SDLC modes, it is 
programmed to contain the secondary address field used 
to compare against the address field of the SDLC Frame. 
In SDLC mode, tiie SCC does not aiitornsrticaliy transmit 
the station address at the beginning of a res|?onse frame. 
Bit positions for WR6 are shown in Rgure 6-7. 
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SYNCr 
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SYNCo 
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SY 
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SYNC4 
SYNC4 
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SYNCo 
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SYNC3 
SYNC3 
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ADM3 
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SYNC2 

SYNCj 

..1 

ADR2 



SYNC1 
SYNC1 
SYNC1 

.JL . - 
ADRi 



'■ ■ . ' ■. 
Figure 6-7. Write Register 6 



SYNCo MONOSYNC, 8 BITS 

SYNCo MONOSYNC, 6 BITS 

SYNCe BISYNC, 16 BITS 

11 i BISYNC, 12 BITS 

ADRs SDLC 

X SDLC (ADDRESS RANGE) 



SYNC7 
SYNCs 
SYNC15 





SYNCo 
6YNC4 
SYNC14 
SVNCio 
1 

I- 



I D7 I De I D5 I Da [ D3 I D; I Di I Dg | 



J 



L 



SYNC5 
SYNC3 
SYNC13 

SYNCg 
1 



SYNC4 
SYNC2 
SYNC12 
SYNCo 
1 



SYNC3 
SYNC1 
SYNC11 
SVINO/ 
1 



SYNC2 ■ 
SYNCq 
SYNCiB 
SYNC« 
1 



SYNCi 

X 

SYNCs 

1 



Figure 6-8. Write Register 7 



SYNCo MONOSYNC, S BITS 

X MONOSYtIG) 6 BJTS 

Sim» BISYNC. 16 BITS 

SYNC4 BISYNC, 12 BITS 



ffl) .■.•■O'.'i"'' 



Write Register 7 (Sync Character or SDLC 
Flag/SDLC Option Register) Note SDLC 
option register is avaiiabie only in CMOS 



In the NMOS Z8530, the use of this register differs de- 
pending on the rnode the SCC is programmed in. In 
Monosync mode, WR7 Is programmed with the receive 
sync character; In BISYNC, it is programmed with the 
second byte (the last 8 bits) of the 1 6-blt sync character. 
1^ §DljP..rFiodes, }(JM<( >s progratnins4iWi^. Ihe fJj^ 
charaGt0rp;11.1111O)n; ' 'rixi "-.' . i 

Note, however, that WR7 may hold the receive sync 
character or flag if one of tjie special versions of the 
%rternal Sync mode I's'i4«lecte.cl. 

in the CMOS Z8530, special SDLC options are provided 
that enable the user to more effectively interface to the 
;Zg5G3(?.' These options are available to the user if the 
'l»^0<rlba&l|tinuied bit, DO of yVR1 5. ispetto '1 '. Whenthis 
bit is tc 4ntf' flie Sec ts ^>iplWW%@LO 
operation, an access to WR7 aec^^ a iPerent 



register which allows the programming of these options. 
This register is referred to as WR7' (VVR? pri(ne),, Bessjt- 
ting this bit (DO of VVRIS) disables the p^jonsl^od tti^ 

■^^^^^^^^^^^^ranri the flag charader ilr^ 
before setting bit DO of WR15 to '1'. This register ts 
readable by executing a read to RtR1 4 wheri PQ^f Wli^^ 

and D6 of WR7' are set to '1 '. 

, ,. - . ■ „ ... , 

Note that WR7 is not used in Asynchronous njiade^ pt 
positions for WR7 are shown in Figure 6-8,, B[t ppsjtiQp 
for WR7' are shown in Figure 6-9 with t^t:|!9S6i^pt}0(9 
given below. 

Bit 7: Not used. This bit must l)e programmed 
with '0'. 

Bit 6: Extended Read Biatile 

If this bit is set to,'!' the user is able to read the following 
previously unrealdable registers; WR3, WR4, WR5 and 
WR10 in the CI^OS SCC in each channel. These 
registers are read by addressing t)ogus read registers 
RR9, RR4, RR5 and RR11, respectively. 
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D5 


D4 


D3 


D2 




Do 



Auto Tx Flag . 

Auto EOM Reset ~ " " 

Auto BTS Deactivation 

TxD forced high in SDLC NRZI Mode 

DTR/REQ Timing Mode . . 

Receive CRC , 
Extended Read Enable 

This bit must always be programmed 

with a '0' 



FlflUf*.?-?! Write Register 7" 



WR T is updated or modified by writing to WR7 while this 
bit ii i set and is read by executing a read cycle to WR14 
(RR14). 

if thi s bit is set to '1 ', the last two bits of the received CRC 
are 1 >roperiy clocl<ed into the receive shift register and are 
available to the user. 

B/fk- 



This bit controls the timing of the DTR/RE Q pin, if this bit 
is set to '1 ', the deactiv ation timing of the DTFVREQ pin 
ismjdftMentioal,tQjlieWAn"/8Ea.pia_ 

BU i ts F&im^m^ la SDLC NflZI Mode . 

If this bit is set to ' 1 and the transmitter is disabled while 
the sec is programmed in SDLC mode with NRZI 
enccjding, the TxD pin will be pulled to a high physidal 
state. 

Bit 2: Auto RfS Deactivation 

This bit synchronizes the deactivation of RTS with the 
closing flag of an SD LC fr ame. If this bit is set to '1' and 
the user deactivates RTS while the CRC characters are 
being transmitted, the SCC assures that the last b it of th e 
flag character is transmitted before deactivating RTS . 

Bit 1: Auto EOM Reset 

This bit removes the requirement of having to reset the Tx 
Underrun/EOM latch during the transmission of a frame. 
If this bit is set to '1 ', the Tx Undermn/EOM latch will be 
automatically reset by the SCC after the first byte is 
transmitted. 



BHO: AOtoTjt FUg 

This bit removes the requirement of having to wait for the 
marl< idle and flag characters to be sent before the first 
data character of a new frame is written to the transmit 
buffer register (WR8). if this bit is set to '1 \the user need 
only write the f irst character to tfm ttansniit buffer. The 
SCC will then transmit the opeii^flag f|^ed by data. 

Wcite Register a (Trai^i^ Qiii^ 

WR8 Is the transmit buffer register. 

Write Register 9 (iUlaster Interrupt Control) 

WR9 is the Master interrupt Control register and contains 
me Reset cortKnawf tSKs; -Orily one WR9- exists in the 
SCC and can be accessed from either channel. The 
interrupt control bits can be programmed at the same 
time as the Reset command because these bits are reset 
only by a hardware reset. Bit positions for WR9 are 
shown in Figure 6-10. 



Blts/arid^: 



Together, these bits select one of the reset commands 
for the SCC. Setting either of these bits to '1" disables 

both the receiver and the transmitter in the corresponding 
channel, forces TxD for that channel marking, forces the 
modem control signals High in that channel, resets all IPs 
and lUSs and disables all interrupts in that channel. Five 
extra POLK cycles must be allowed beyond the usual 
cycle time tiefore any additional command or controls are 
written tQli9e>SC</, " ^ - , 

No Reset (00). This command has no effect. It is 
used when a write to \NR9 is necessary for some 
rea^n ot|ier than an SCC Reset command. 

' . ■ - 0. •■--■j.'Si (iK , If. ■ ■ , ■ 
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Table 6-4^ Intprru^t Vector Modification 



L 



VIS 

NV .,-„ V 

DLC , - . 1 1 .;0 r.V- M Tf-i'. 

MiE - * ■' ' 

STATUS HIGH/STATUS t!0«itJ« 
ITACK EMULATION 












1 


1 





1 


f 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
#ORCE HARDWARE RESET 



;o - 



V3 


V2 


VI 


status High/status Low=0 


V4 


V5 


V6 


Status High/Status Low=1 


_ 








Ch B Transmit Buffer Empty 


-. 





1 


Ch B External/Status Change 


- 


1 





Ch B Receive Character Avail. 





1 


1 


.Ch B Special Receive Condition 


1 








Cb^ Twansmit Buffer Empty 


1 





1 


QM.k ^Etemali'Status Change 




1 





<i^-A Receive Character Avaii. 


1 


1 


1 


Ch A Special Receive Condition 








i 
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Channel Reset B (01). Issuing this command 
causes a channel reset to be performed on 
Channel B: ■ • 

Channel Reset A (10). Issuing this command 
causes a channel reset to be performed on 
Channel A. ' 

Force Hardware Reset (11). The effects of this 
command are identical to those of a hardware reset 
except that the MIE, Status High/Status Low and 
DLC bits take the programmed values thsQt accom- 
pany this i^jwiand. y\ ^ 



J 



BUS: INTACK Enable 



If this bit is set to '1 ', the INTACK cycle is ignored by the 
sec and ^houid be tied High. This allows us wstgjm sK 
bwerprioliyint^kjptsin appiicatiotrisw^here l^^pljb 
neither necessary nor used. 



Bit 4: Status High/Status Low 

This bit controls which vector bits the SCC will modify to 
indicate status. When set to '1 ', the SCC modifies bits V6, 
V5. and VA according to Table 6-4. When set to '0', the 
SCC moffies tm VI, V2, SHid W«fieM>ig-to fstole 
®4. Thisji^ oontrols ^atus in both the vector returned 
4u0m mlMsmptad^ cycle and the st^s in 
BR2B. itai'bB te i^sf t by a hardwa^j^. \^ 

BUS: iiui&enni$mpt enable 

Hie Master Interru^Si^e bitiSl^ia^ 
^C interrupts. When set to '1' 
and channel Bare enabled. Whenthisbitissetto'O', lEO 



is not forced low but follows the state of I El unless there 
_ isarLlUSsetintheSCC. No iUS can be set after the MIE 
bit Is M to 'O'. this Bit is reset by a hardware reset. 

m^iBiifi^f^imtamin 

The Disable Lower Chain can be used by the CPU to 
control the interrupt daisy chain. Setting this bit to '1' 
forces the lEOpin Low, preventing lower-priority devices 
on the daisy chain from requesting interaipts. This bit is 
' by a hardware reset. 

Bit »t m\ 

The No Vector bit controls whether or not the SCC will 
respond to an interrupt acknowledge cycle by placing a 
vector on the data bus if the SCC is the highest-priority 
device requestirig^an interrupt, if this bit is set, no vector 
/^isl^med;!.©., a6o-AD7 remain three-stated during an 
bttertiqsK^lin^edge cycle, even if the SCC is the 
hightet-priority qtevice requesting an intermpt. 

BHO: Vectorlnclui^^tus 

The Vector lncludesi^|@|iRcoi?|f]|lsi whetherornot the 
Z-SC^C Mil Mfde fnformatlon in the vector it 
' i^^AS ^fi'^lfs In tespctte to an intermpt acknowl- 
edgd^^e. If ttils bitissetj the vector returned is variable, 
with the variablefield depending on the highest-priority IP 
that is set. Table 6-4 shows the encoding of the status 
information. This bit is ignored if the No Vector (NV) bit 
is si^ anig^^j|K$i^|fJ.RR2 is read from Channel B. 

Write Register 10 (Miscellaneous 
Transmitter/Receiver Control Bits) 

WRIO contains miscellaneous control bits for both the 
receiver and the transmitter. Bit positions for WR1 are 
^^fvm in Figure Ml. This register is readable by 
<iiclcuting a reai w RR1 1 when DO of WR1 5 and D6 of 
WRr are set to '1'. 
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UL 6 BIT/8BIT 
— I nno hAnr 












1 


1 





1 


1 



NRZ 
NRZI 

FM1 (TRANSITION = 1) 
FMO (TRANSITION = 0) 



6 BIT/8BIT SYNC 
LOOP MODE 
ABORT/FLAG ON UNDERRUN 
MARK/FLAG IDLE 

'■ '.1 -.AM". X.- .• 



CRCPRKET1/0 



ma»f fr-lt. Writa Raglstar 10 




Figure 6-12. NRZ (NRZI) FM1 (FMO) Timlna 
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This bit specifies the initialized condition of the receive 
CRC checker and the transmit CRC generator. If this bit 
is set to '1 ', the CRC generator and checker are preset to 
'1 '. If this bit Is set to '0', the CRC generator apd checker 
are preset to '0'. Either option can be ^Upd^sliwith either 
CRC polyromial. In SDLC mode, the trsmsfflMed CRC is 
inverted before transmission sM:imm^eim^W>^ 
checked against the bit pattern '0001110100001111." 
This bit Is reset by a channel or hardware reset. This bit 
Is Ignored in ^nchronous mod&. ' j j - ^ 

Tttm^^^ l^fpdlng rpethod used fer«^th the 
transrnitterand the receiver, as Illustrated In Table 6-5. 
'fM of the clocking options are available for all coding 
methods. The DPLL in the SCC is useful for recovering 
clocking information in NRZI and FM modes. Any coding 
method can be used in the XI mode. A hardware reset 
forces NRZ mode. Timing fdj* various modes is 
shown In Figure 6-12. 



Table 6-5. Data Eneoding 

:-'5Jj J- " ' : 







Encoding 


o| 


.0 


NRZ 





1 


NRZI 


1 





FM1 (transition = 1) 


1 


1 


FIWIO (transition = 1) 



Bit 4: Go Active On Poll 

When Loop mode Is first selected during SDLC opera- 
tion, the see connects RxD to TxD with only gate delays 
in the path. The SCC does not go on-lbop and itis^artW ' 
1-blt del^ between RxD and TxD until this bit has been < 
set and an EOP received. When the SCC Is on-loop, the 
transmitter te active in SDLC Loop mode and is sending 
a flag, if this bit is set at the time the flag is leaving the 
Transmit Shift register, another flag or data byte (if the 
transmit buffer is full) is transmitted. If the Go Active On 
Poll bit Is not set at this time, the transmitter finishes 
sending the flag and reverts to the 1-Bit Delay mode. 
Thus, to transmit only one response frame, this bit should 
be reset after the first data byte Is ser^ tg the SCC but 
before CRC has been transmitted, n W& not reset 
before CRC is transmitted, extra flags are sent, slowing 
iownresptr^ie Uitne on ttie loop, V Ms yt Is reset before 
^e first dkta is wrRten, the SCC con^ites the transmis- 
sion of tHe present flag and reverte to the l-Bit Delay 
mode. After gaining control of the loop, the SCC Is not 
able to transmit again until a flag and another EOP have 
been received. Though not strictly necessary, it Is good 



practice to set this bit only upon receipt of a poll frame to 
ensure that the SCC does not go on-loop without the CPU 
noticing it: i ■ 

In synchronous modes other than SDLC with the Loop 
Mode bit set, this bit must be set before the transmitter 
can go active In response to a rec^vsdisywciiaracter. 

This bit is always Ignored In Asynchronous mode and 
Synchronous ipodes ^unless the, Loop Mode bit is set. 
yt[\S: bilt ig r^it,!^ EM^ifpei or hardware reset. 

^QH^We affects only SDLC operation and is used to 
control the idle line condition. If this bit is set to '0', the 
transmitter sends flags as an idle line. If this bit is set to 
'1 ', the transmitter sends continuous '1 's afterthe closing 
flag 0(a frame. The idle line condition Is selected byte by 
byte; I.e., either a flag or eight 't's are transmitted. The 
primary station in an SDLC loop should be programmed 
fpr Mark Idle to create the EOP sequence. Mark Idle must 
be deselected at the beginning of a frame before the first 
data are written to the SCO, so that an opening flag can 
be transmitted. This bit is ignored in Loop mode, but the 
programmed value takes effect upon exiting the Loop 
mode. This bit is reset by a channel or hardware reset. 

Bit 2: Abort/Flag On Underrun 

This bit affects only SDLC operation and is used to 
control how the SCC responds to a transmit underrun 
condition. If this bit is set to '1 ' and a transmit underrun 
occurs, the SCC sends an abort and a flag instead of 
CRC. If the bit is reset, the SCC sends CRC on a transmit 
underrun. At the beginning of this 16-bit transmission, 
the Transmit Underrun/EOM bit Is set, causing an Exter- 
nal/Status Interrupt, lihe CPU uses this status, along 
r with) tfie byt^ count jfrojn rhemory or the DMA, to deter- 
mmrfeWhemeirthefr^me rrnjst be retransmitted. A trans- 
mit buffer Empty interrupt occurs at the end of this 1 6-bit 
transmission to start the next frame. If both this bit and 
the Mark/Flag Idle bit are set to '1 ', all '1 's are transmitted 
after the transmit underrun. This bit should be set after 
the first byte of data is sent to the SCC and reset 
immediately after the last byte of data so that the frame 
will be terminated properly with CRC and afl^. This W 
Is Ignored in Loop mode, but the programmed value is 
active upon exiting Loop mode. This bit Is reset by a 
channel or hardware reset. 

Bit 1: Loop Mode 

In SDLC mode, the initial set condition of this bit forces 
the SCC to connect TxD to RxD and to begin searching 
the iricfon^tng datfa stream so that it carigo on-loop. All bits 
perttnenHo ^bC rnode oper^on in ot h er registers must 
be set before this mode is selected. The transmitter and 
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r should IKA be «iabled until after this niode has 
iisMeet^>i»abon;fleIhe Go Active On Poll bit is set 
ianEibPtereceived,1heSCCgoeson-loopi Ifthfsbit 
is reset after the SCC is on-loop, the SCC waits for the 
nej^ EOP to go off-loop. ' > = "t" - ' 

liisyrKNroiKxi8<imdeSi the SCX^usesthisbit^alorig with 
the|Go Active On Poll bit, to synchronize the transmitter 
tcftne receiver. The receiver should not be enabled until 
irftarthis models selected. The TxD pin is held marking 
when this mode is selected unless a brealc condition is 
programmed. The receiver waits for a sync character to 
be received and then enables the transmitter on a char- 
acter boundary. The break condition, if programmed, is 
removed. This mode works properly with sync charac- 
ters! of 6, 8, or 1 6 bits. This bit is ignored in Asynchronous 
mode and is reset by a channel or harcjware. reset. 

BItO: 6BIV8BiiSync 

This bit is used to select a special case of synchronous 
modes. If this bit is set to '1' in Monosyrx: mode, the 
receiver and transmitter syrx: characters are six bits long 
insti iad of the usual eight. If this bit is set to 'V in Bisync 
mo< le, the received sync will t)e 1 2 bits and the transmit- 
ter isync character will remain t6 bKS long. This bit is 
igncired in SDLC and Asynchronous modes but still has 
effect in the special external sync modes. This bit is reset 
by a channel or hardware reset. 



Write Register 11 {dom 



ontroiy 



WR1 1 is the Clock Mode Control register. The bits in this 
register control the sources of both the rec eiv e and 
transmit clocks, the type of si gnal on the SYNC and RTxC 
pins, and the direction of the TRxC pin. iKiMWons for 
WR1 1 are shown in Figure 6-13. 



Blt7: RTxC—XTAUNOXTAL 

This bit contr ols the t ype of input signal the SCC expects 
to see on the RTxC pin. If this bit is set to '0', the SCC 
expects a TTL-compatible signal as an input to this pin. 
If this bit is set to 'V , the S CO conrie cts a high-gain 
amplifier between the RTxC and SYNC pins in expecta- 
tion of a quartz crystal being placed across the pins. 

The output of this oscillator is available for use as a 
clocking source. In this nrode of o peratio n, the SYNC pin 
is unavailable for other use. The SYNC signal is fo rced 
to '0' intemally. A hardware reset fQrces NO XTAL (At 
least 20 ms should be alloweci afler WMilt Is set to allow 
the oscillator to stabilize.) 

Bits 6 and 5: Receiver Clock 1 AndO 

These bits determine the source of the receive clock as 
shown in Table 6-6. They do not interfere with any of the 
modes of operation in the SCC but simply control a 
multiplexer just before the intemaHncMweelrat input. A 



■•r.r 



Ds : D, Dj I D, D„ 



ri •nr.' hii-d' 



itt! «... 



M 












1 


1 





1 


1 



TRxC OUT = XTAL OUTPUT ' 

TRxC OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TRil56ii'f.= DP'LL'oUfPUf, 

TRxC 0/1 












1 


1 





1 


1 



TRANSMIT CLOCK = RTxC PIN 

TRANSMIT CLOCK = fRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 












1 


1 





1 


1 



RECEIVE CLOCK = RTxC PIN 
RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUl^ 
RECEIVE CLOCK = DPLL OUTPUT 



.1., . 



■ •'iv .. . ' 



RTxC XTAL/NO XTAL 



.•(..U-r:f;. .J'.fVifili 
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hardw are risset forces the receive clock to come from the 
TRxCpin. 





Table 6^. 


Racelw Ctock'$m|rm~ 







5 


Receive Clocl^ = RTxC pin 





1 


Receive Clocl< = TRxC pin 


1 





Receive Clock = BRG output 


1 


1 


f^eceive Clock > DP\X output 



Bns4antl3: TranmUt Clock 1 ami ' { 

These bits determine the source of the transmit clock as 
shown in Table 6-7. They do not interfere with any of the 
modes of operation of the SCC but simply control a 
multiplexer just before the Internal tcansmUt cl(ick input. 
The DPLLfoutput ttiat maytoeused tdlMth^lAsrnill^r 
In FM moQes lags by 90 the output of the DPLL used by 
the reoeivdr. This makes the received and transmitted bit 
cells occur simuHaneo usly, ne glecting delays. A hard- 
ware reset selects the TRxC pin as the source of the 
transmit ctocks. 





Table 6-7. Transinti €:iQ<^ Sourca 


D4 


D, 










Transmr&lii^^ RTxC pin 





1 


Trartsmi^Clock = TRxC pin 


1 





Transmit Clock = BRG output 


1 


1 


Transmit Clock = DPLL output 



Bit 2: TRxC 0/1 



This bit determin es the d irection of the TRxC pin. If this 
it is set to 'V, the TRxC pin is an output and carries the 
signal selected by 01 and DO of this register. However, 
if either the receive or the transmit clock is programmed 
to come from the TRxC pin, TRx C will be an input, 
regardless of the state of this bit. The TRxC pin is also an 
input if this bit is set to '0'. A hardwiEire reset foiSQS^ this 
bitto^'. I 



These bits determ ine the signal to be echoed out of the 
SCC via the TRxC pin. No signal is produced if TRxC has 
^een programmed a s the so urce of either the receive or 
ihB transipit ctock. If TRxC 0/1 (bit 2) is set to 'Q', th^e 
rbits'are ignored. 



If the XTAL oscillator output is programmed to be ech- 
oed.a nd the XTAL osciUator has not been enabled, the 
TFbcCpinhMsNi^. fhe.bPLL signal thatiis echoed is 
the DPLL sigpal used by the receiver. Haidware reset 
selects the XTAL oscillfdor as the output source. 



Tattia 6-8. TranwMt Bdamal Control Selection 















TfixC 





1 


TRxC 


t 





- TRxC 


1 


1 


TRxC 



TRxC = XTAL oscillator output 



Write Regi^ilSl^^t»#^f Bytier of Baud 
Rate Generator Time Constant) 

WR1 2 contains the lower byte of the time constant for tt^ 
baud rate generator. The time constant can be changed 
at any tie, but the new value does not take effect until the 
next time the time constant is loaded into the down 
counter. No attempt is made to synchronize the loading 
of the time constant into WR1 2 and WR 13 with the clock 
driving the down counter. For this reason, it is advisable 
to disable the baud rate generator while the new time 
constant is toaded into the down counter. No attempt is 
made ^ syq^^Qp^ the toading of the time constant into 
t»fffe«ioekdriv!ngthedOwrfcounter. 
fSMsabie to disable the baud rate 
new time constant is tosded into 
Ordinarily, this is done anyway to 
prevent a toad of the down counter between the writing 
of theupperiipii^jiipiAHl^ of the time constanL 



vmnwmmm* 

For this FMiMt, tt | 
generator th 
WR12 and WR13. 



The formula for determining the appropriate time con- 
stant for a given baud is shown below with the desired 
rate in bits per second and the BR clock period in 
seconds. This formula is derived because the counter 
decrements from N down to 'O'-plus-one-cycle for reload- 
ing the time constant and is then fed to a toggle flip-flop 
to make the output a square wave. Bit p<»iIions for WR12 
are shown in Figure 6-14. 



Time Constant 



1 



2 • (Desired F^i)* (Baud Rate) 



-2 



r <i.-, 
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D, De I D. I Dj I D, I D, I Dp I 

L TCo 



.iTCi 
TCj 
TC3 
•TC4 
TC5 
TCe 
TC7 



LOWER BYTE OF 
TIME CONSTANT 



Figure 6-14. Write Register 12 



Write Register 13 (Upper Byte-of^Baud 

WR1 3 contains the upper byte of the time constant forthe 
baud rate generator. Bit positions for WR13 are shown 



\h De I Ds [ D4 I D3 |D2 I Di I Dp I 



• 3 



L 



TC8 

TC9 
TC10 

TC,i 

ttcri:vob.!r ,. TQn 



< UPC6R BYTE BP 
' TI«ffi BONSrANT! . 
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Write Register14 (Miscellaneous Control 

Bits) 

WR14 contains some miscellaneous control bits. Bit 
fXisl^OflSJtorjlflflllHlam^lOwn in Figure 6-16. 

Bits 7 and 5: DlgtUi mmM4jaekedLo(m 
Command Bits 

These three bits encode the eight commands for the 
Digital Phase-Loci<ed Loop. A channel or hardware reset 
disables the DPLL, resets the mission clock latches, sets 
the source to the RTxC pin and selects NRZI mode. The 
Enter Search Mode command enables the DPLL after a 



Mull Command (000). This command has no effect 
on the DPLL. 



L 



BR GENERATOR ENABLE 
BR aCNERATOR SOURCE 
lESTfUNCTION 



ECHO 


















1 





1 








1 


1 


1 








1 





1 


1 


1 





•1. , 


1 





— LOC^ iOOPBACK 

NULL COMMAND 
ENTER SEARCH MODE 

•RESET |i«s$mQ>eLQCK . . , r. ^nio r- 

DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE = STxg .^=1 

SET FM MODE , 



Figure 6-16. Write Reglster14 



Enter Search Mode (001). Issuing this command 
causes the DPLL to entei- the Search mode, where 
the DPLL searchesfor a locldng edge in the incoming 
data stream. The action fallen by the DPLL upon 
receipt of this command depends on the operating 
nrode of the DPLL. . . ^.^ 

m NRZI mode, the output of the DPLL is High while 
the DPLL is waiting for an edge in the incoming data 
stream. After the Search mode is entered, the first 
edge the DPLL sees is assumed to be a valid data 
edge, and the DPLL begins the clock recovery op- 
eration from that point. The DPLL clock rate must be 
32 times the data rate in NRZI mode. Upon leaving 
the Search mode, the first sampling edge of the 
DPLL occurs 16 of these 32X clocks after the first 
data edge and the second sampling edge occurs 48 
6fthese32XcIocksafterthefirstdataedge. Beyond 
this point, the DPLL begins nomial operation, adjust- 
ing the output to remain In sync with the incoming 
data. 

In FM mode, the ou^sut of the DPLL is Low while the 
DPLL is waMti^ Wan edge in tAe incoming data 

stream. The first edge the DPLL detects is assumed 
to be a valid clock edge. For this to be the case, the 
line must contain only clock edges; i.e., with FM1 
encoding, the line must be continuous 'O's. With FMO 
encoding the line must be continuous '1 's, whereas 
Manchester encoding requires alternating '1's and 
'O's on the line. The DPLL clock rate must be 16 
times the data rate in FM mode. The DPLL output 
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cause^ttie recelvwito sanplettwIl^iiAnliR 16011 
nominal ceitter 9f 9*9. ttfo hajyas of the bit cell to 
decide whethriaf iheMa was a"1 *<^'^?m6T this 
command is issued, as in NRZI mode, the DPiL 
starts sampling immediately after the first edge is 
detected. (In FM mode, the DPLL examines the 
clocl< edge of every other bit cell to decide what 
correction must be made to remain In sync.) If the 
DPLL does not see an edge during the expected 
window, the one clock mission bit in RR1 is set. If 
the DPLL does not see an edge after two successive 
attempts, the two clocks missing bit in RR10 is set 
and the DPLL auto matliliitlly eFiter^thte Search mode. 
This command resets botti ctock missing latches. 

" R(ttefiQb^iyiMaiiig(m%). iilsitf^ 
disables the DPLL, resets the clock missing latches 
in RR10, and forces a continuous Search mode 
state. 

i Dteabia DPLL :(011>. tissuing this oanmam^4te- 
' .abi9sttteDPUi;,<4e8et8theoleKd(irt 

RR10, and forces a continuous Search mode state. 

, $«A ^i|UR:e = PR Gfeif (1 QO),, ,^sui ng this command 
forces the cioci(ft>tthe pPLCto come from the output 
of the baud rate (generator. 

' ' Set Source = RTxC (101). Issuing this command 
forces the clock forthe DPLLtoobtnbttomtfldifiFI^ 
pin orthe crystal oscillator, depending on the state of 
the'X'rADno XTAL bit in WR11. ThlS 'mode is 
selected by a channel or hardware reset. 

Set FW Mode (1 10). This oiranianditof^ the DPLL 
to opejrate in ttie FM mode and is used to recover the 
" dSdkimt FM or Mlirichester^enctiaed data (Man- 
chester is decoded by placing the receiver in NRZ 
mode while the DPLL is in FM mode.) > 

SetN|RZIiVk><ie(lll). lssuln£|thipa|mrM^(4('^ 
the DPLL to operate in the N^2I im^. jllfs iinde 
is also selected by a hardware or dtaraiel ijes^. 

Bit 4: Local Loopback 

Setting this bit to '1 ' selects the Local Loopback niode of 
opera^on. In this mode, the imernal transmitted data are 
Bgute d ba jat^h e reefer, as weH as to the TxD pin. The 
CTS and DCDlf^f^ii^lfe' ignored as iirieiies in Local 
Loopback mode, even if Auto Enables is selected, (if so 
programmed, transitions on these inpiuts still cause inter- 
rupts.) This mcide works with any Transmit/Receive 
mode except Loop mode. For meaningful results, the 
frequency of the transmit and receive clocks must be the 
same. This bit is reset by a channel or hardware reset. 



Setting this bit to "I' selects the Auto Enable mode of 
opwattQO. lnthismQdeti|^,Tj(PpiniscpnnectefJtSRxD, 
as jQl^l M)9Pba^giftto^. the igpi^iwf ^^y^^ 
to the RxD ir^xjt, J^ii0^^fS9^ammsmp^Md9 
or outside the SCC ih Ma mode, and CTS is ignored as 
a transmit enable. "TTiii Wis resM by ajshanne^^ 
hardware reset. 

Bit 2: DTR/Transmlt DMA Request Function 

This bit selects t he function 6f thd DTR/ftEQ pin. If this 
bit is set to '0', the DTR/REQ pin follows the inv erted state 
of the DTR bit in WR5. If this bit is set to '1 the DTR/REQ 
pin goes Low whenever he transmit buffer becomes 
empty and in any of the synchronous modes when CRC 
has been sent at the end of a message. The request 
function on the DTR/REQ pin differs from t he transmit 
request fun ction available on the W/REQ pin in that 
REQUEST does not go inactive until the internal opera- 
ion satisfying the requestTs complete, which o ccurs fo ur 
g-jve_P OU<-^»elea-ater Mie rising edge of READ or 
WRITE. If the tMA used is edge-triggered, this differ- 
ence is unimportant. This t>it is' reset by a channel or 
l]ardware reset. ,i 

^ I^Wi^ Rate Generator Source 

This bH selects the source of the ck>ck for the baud rate 
generator. If this bit is set to '0' . the b aud rate generator 
clock comes from either the RTxC pin or t he XTAt- 
osclllator (depending on the state of the XTAL/no XTAL 
bit). If this bit is set to 'IVthe ck)ck for the baud rate 
generator is the SCC's PC LK inp ut. Hardware reset sets 
this bit to '0', selecting the RTxC pin as the clock source 
tor the baud rate generator. 

BU O: ' Baud Rate GeMsmt EnabA ^ 

This bit controls the operation of the baud rate generator. 
The counter in the baud rate generator is enabled for 
counting when this bit is set to '1', and counting is 
inhibited when this bit is set to '0'. When this bit Is set to 
'1', change in the state of this bit is not reflected by the 
output of the baud rate generator for two counts of the 
counter. This allows the command to be synchronized. 
Ij^j^tey^QI^ vyh^^^^^^^iing isi,mmadiale. This^ 

Write RegisterlS (Ei^mal/StahM " 
Interrupt^ Contreiy ' - ^ ■ ' 

tt).-, ■;«rir n.-juiis. :i t-i ;.5}oV.f,r .juB r-- ■> ; , ; 
WR15 is the External/Status vauisescemtnih register. If 
the Bdemai/Status interrupts are enabled as a group via 



6-J7 



CHAPTER 6 

Re ilstsr Deserlption 



WR1 , bits in tHiis rosier control whic^ Bctemal/Statiffi 
conditions can cause an interrupt. Only the External/ 
^tus conditions that occur after the coritrolling bit is 
sent to '1 ', will cause an interrupt. This is true even if an 
External/Status condition is pending at the time the bit is 
setL Bit positions fbr WR15 are shown in Rgure 6-17. 



|D, | DsIDsId. jDalD^lDiTpTI 



L 



V ftiq ': iP: J OfiJ r. 



SDLC/HDLC ENHANCEMENT ENABLE 
ZERO COUNT IE 

10X19-BIT FRAME STATUS FIFO.ENABLE 

DCD IE 

SYNCmUNT IE 
CTS IE 

Tx UNDERRUN/EOM IE 
BREAK/ABORT IE 



Bit 7: Break/Abort IE 

If this bit is set to '1', a change in the Breal</Abort status 
of the receiver causes aa External/Status intermpt. This 
bit is set by a channel or hardware resiet. 

Bit 6: Tx Underrun/EOM 

If this bit is set to '1 ', achange of state by the Tx Underrun/ 
EOM latch in the transmitter causes an External/Status 
interrupt. This bit is set to 'V by a channel or hardware 
reset. 



Bit ^: CTS IE ..-v-'v,. c" r>.i-;. ;-• 

If this bit is set '1', a change of state on the CTS pin 
causes an External/Status interrupt. This bit is set by a 
t:har|nel or hardware reset. 

Bit 4: SYNC/HuntlE 

If this bit is set to '1 '. a change of state on the SYNC pin 
causes an External/Status interrupt in Asynchronous 
mode, and a change of state in the Hunt bit in the receiver 
causes an External/Status interrupt in synchronous 
mod^s. TKIS^BlNii^^il^^M^ t6m. 

Bit 3: DCD IE 

If thi^ bit is set to '1', a change of ttif DCD pin 

causes an External/Status interrupt. This bit is set by a 
channel or hardware reset. : 



BH 2 fOxlS^Btt^FmiM Status FlP&'enable 

If this bit is set to '1 ', the 1 0X1 9-bit FIFO array and 1 4-bit 
counter are available for use but only if the SCC is 
programmed in SDLC mode. 

BHI: Zero count IE 

If this bit is set to '1', an External/Status interrupt is 
generated whenever the counter in the baud rate genera- 
tor reaches '0'. This bit is set {046^% a channel or 
hardware reset. 

Bit 0: SDLC/HDLC Enhancement Enable 

If this bit is set to '1', WR7 can be accessed as WR7' to 
allow the use of special ,iOt€yW4^90NSi!M)«l^?r to 
WR7 for details. -sf, -; iji 

READ REGISTERS 

The SCO contains nine read registers in each channel. 
TTe status of these registers is continually changing and 
depends on the mode of communication, received and 
transmitted data, and the manner in which this data is 
transferred to and from the CPU. The following descrip- 
tion details the bit assignments for each register. 

Read Rejgister (Transmit/Receive Buffer 
^atus and ^«rnat^€^tus) 

Read Register contains the status of the receive and 
transmit buffers. RRO also contair^th^ ^tus bits for the 
six sources of External/Status intemjpts.'the bit conf igu- 
rationisiHustratecl.inF^ee6-18i' 'if-'iuA ' 
■ .. ■ jn: . ■ ' . ' i.ii? ,^ 

"^"^"^ :■=■■ - • TTHTTSFV' ! 

. •u-.' i ■ 

I D3 [ D2 I D, I Do 1 ■ , ; -^.r: > 



L Rx CHARACTER AVA^A%LE 



ZERO COUNT 

Tx BUFFER EMPTY 

DCD 

SYNC/HUNT 

CTS 

Tx UNDERRUN/EOM 
BREAK/ABORT 



Figure 6-18. Read Regl3ter 
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BH 7: Break/Abort 

In the Asynchronous mode, this bit is set when a Breal< 
sequence (null character plus framing error) is detected 
ftj the receive data stream. This bit is reset when the 
sequence is terminated, leaving a single riuli character in 
the receive FIFO. This charactef stKKitil bb tkad artd 
discardedi. In SDLC mode, this bit ts skt the detection 
of an Abort sequence (seven or more '1's), then reset 
automatically at the termination of the Abort sequence. 
In either case, If the Break/Abort IE bit is set, an External/ 
Status interrupt is initiated. Unlike the remainder of the 
External/Status bits, both transitions are guaranteed to 
cause an External/Status interrupt, even if another 
External/Status interrupt is pending at the time these 
transitions occur. This procedure is necessary because 
Abort or Break conditions may not persist. 

Bit 6: TX Underrun/EOM 

This bit is set by a channel or hardware reset and when 
the transmitter Is disabled or a Send Abort command is 
issued. This bit can be reset only by the reset Tx 
Underrun/EOM Latch command in WRO. When the 
Transmit Underrun occurs, this bit is set and causes an 
External/Status Interrupt (if the Tx Orriewun^'9M^?ElSit 
is set). 

Only the O-to-1 transition of this bit causes an interrupt. 
'This bit Is always '1' in Asynchronous mode, unless a 
reset Tx Underrun/EOM Latch command has been erro- 
neously issued. In this casei'thB Send Atmrt command 
can be issued to set the bit to '1' and at thie itiame tinie 
dausefiBBMerrtai^safos int'errUfS.- 

9ltS: iSlt»rtoSeiKl -. < -^ff ..(^ k.v T>r.<x) 

If the CTSI E bit In WR1 5 Is set, this bit Indicates the state 
of the CTS pin the last time any of the ena bled External/ 
$)atus bits changed. Any transition on the CTS pin while 
hb other ihterrupl Is pending latches the st^ ^ U?^^TS 
pin and generates an External/ Status inte'ntrpC Ay ead 
number of transitions otrthe MScpiiii w^.^iuiother 
External/Status interrupt is pending also causes an 
E:>(te!rrial^£aus interrupt condM. If the CTS IE bit is 
"reset , it m^ly repor ts the currerff Unlatched state of the 
WW 0t (1*. If^T^ pin Is Low, IBs, bttiMWi^^*^-' 

Bit 4: SYNC/Hunt 

Ihe,o^era^pn,.o| this bit is similar t9,ttiiS )^he CTS bit, 
Ixcepf tnaVffie cbnditiori monitoreia^TTO bit varies 
depending on the mode in which the SCC is operating. 

When the XTAL oscillator option is selected In asynchro- 
nous modes, this is forced to '0' (no Extemal/Status 
interrupt is generated). Selecting the XTAL oscillator in 
synchronous or SDLC modes has no effect on the 
operation of this bit. 



The XTAL osdilator should not be selected in External 
Sync mode. 

In Asynchronous mode, the operation of this bit is iden- 
tical to that of the CT S statu s bit, except that this- is* 
reports the state of the SYNC pin. 

In External sync mode the SYNC pin Is used by external 
logic to signal character synchronization. When the 
Enter Hun t Mode command is issued in External Sync 
mode, the SYNC pin must be held H^h by external sync 
logic ui^i^wader^nchronlzation is achieved. A High 
on the SYNC he^ the Sync/Hunt bit in the reset 
Gon(ffiiE>n. '" 

W^Si$E0»t$imatisip0a^^ \& achieved, SYNC mu^ 
WiMmt luevronthe'^eond rising edge'of ttie l^eceive 
Clock after the last rising edge of the Receive Clock on 
which the las t bit of the receive character was received. 
Once SYNC Is forced Low, It Is good practice to keep It 
Low until the CPU informs the external sync logic that 
synchronization has been lost or that a new m essage Is 
about to start. Both transitions on the SYNC pin case 
External/I@tstu» int^mpls if the Sync/Hunt IE bit is set 

to'v. :.j . 

The Enter Hunt Mode comrhahd should be Issued when- 
ever character synchronization Is lost. At the same time, 
the CPU should inform the external logic that character 
synchronization has been lost andthat the S6ctewaitihg 

for SYNC to become active. 

In the Monosync and Bisync Receive modes, the Sync/ 
Hunt status bit Is initially set to '1 ' by the Enter Hunt Mode 
.command. The Sync/Hunt bit is reset when the SCC 
lestabiishes character synchronization. Both transitions 
catise External/St^slntercupts if the Sync/l-lunt IE bitis 
set whenthe GPIiclifieetstfie end of messs^ orthe loss 
of character ^nchronizatioii. When the CPU detects ttie 
end of message of the loss of character synchronization, 
the Enter Hunt Mode command should be issued to set 
the Sync/Hunt bit and ca use an External/Status Interrupt. 
In this mode, the SYNC pin Is an output, which goes Low 
every time a sync pattern is detected in the data stream. 

tn the SDLC modes, the Sync/Hunt bit is initially set by the 
Enter Hunt Mode command or when the receiver is 
disabled. It Is reset when the opening flag of the first 
frame Is detected by the SCC. An External/Status 
interrupt is also generated if the Sync/Hunt IE bit is set. 
Unlike the Monosync and Bisync modes, once the Sync/ 
Hunt bit is reset in SDLC mode, it does not need to be set 
when the erjd of , the frame is detected. The SCC 
automatically maintains synchronization. The only Way 
the Sync/Hunt bit can be set again Is by the Enter Hunt 
Mode command or by disabling the receiver. 
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If the PCD I E bit in WR 1 5 is set, this bit indicates the state 
of the iDCD pin the last time the Enabl ed Ex ternal/Status 
bHs changed. Any transition on the PCD pin w hile nel 
interrupt Is pending latches the state of the PCP pin and 
generates an Externa l/Statu s interrupt. Any odd number 
of transitions on the PCP pin while another External/ 
Statui intermpt is pending also causes an External/ 
Status Interrupt condition. If the PCP IE Is reset, this bit 
merely reports the current, unlatched state of the 



DCD|]in. 
Bit 2: TX Buffer Empty 

This b it is set to '1 ' wbmtbatransmil buffer is amply. It 
'B resit while GRC isnMnt irr a synchronous or SDLC 
mode and while tfie transmit txiffer is full. The bit is reset 
when a character is loaded into the transmit buffer. This 
bit is always In the set condition after a hardware or 
channel reset. 



BItl: 



Zero Count 



If the I^ero Count Interrupt Enable bit is set in WR15, this 
bit is set to one while the counter in the baud rate 
genermor is at the count zero. If there Is no other 
External/Status intemjpt condition pending at the time 
tliis i3it is set, an Extemal/Status interrupt is generated. 
However, if there is another External/Status interrupt 
pending at this time, no interrupt is initiated until interrupt 
service is complete. If the Zero Count condition does not 
persist beyond the end of the interrupt service routine, no 
interrupt will be generated. This bit is not latched High, 
even though the other External/Status latches close as a 
result pf the Low-to-High transition on ZC. The intermpt 
service routing should check the other Extemal/Status 
eondinons for changes, if none changed, ZC was the 
sourci h In polled appteafiofis, check the lP bit in RR3A 
for a s tatus change an#ttlmprooeed as in the interrupt 
servioi routine. . ' ' 

Bit 0: RX Character Available 

This bit is set to '1' when at least one character is 
available in the receive FIFO and is reset when the 
Ceceive FIFO is conpletely empty. A channel or hard- 
ware r^set empties the receive FIFO. 

Reaq Register 1 

RR1 contains the Special Receive Condition status bits 
and the residue codes for the l-Fleld In SPLC mode. 
Figure 6-19 shows the bit positions for RR1 . 



I D, I D„ 



L 



ALL SENT 
RESIDUE CODE 2 
RESIDUE CODE 1 

R^tmiecoDEs^ 

Rx OVERRUN ERROR 
CRC/FRAMING ERROR 
END OF FRAME (SDLC) 



Figure 6-19. Read Register 1 



Bit 7: End Of Frame (SDLC) 

This bit is used only In SPLC mode and Indicates that a 
valid closing flag has been received and that the CRC 
Error bit and residue codes are valid. This bit can be reset 
by issuing the Error Reset command. It is also updated 
by the first character of the following frame. This bit is 
reset in any mode other than SDLC: ' < 

BH§:J^i^imm^Brm; a;.-, . 

If a framing error occurs (in Asynchronous mode), this bit 
is set (and not latched) forthe receive character in which 
the framing en-or occurred. Petection of a framing error 
adds an additional one-half bit to the character time so 
that the framing error is not interpreted as a new Start bit. 
In Synchronous and SPLC modes, this bit indicates the 
result of comparing the CRC checker to the appropriate 
check value. This bit is reset by issuing an Error Reset 
command, but the bit is never latched. Therefore, it IS 
always updated when the next character is received. 
When used for CRC error status in Synchronous or 
SPLC modes, this bit Is usually set since most bit combi- 
nations, except for a correctly completed message, 
result In a non-zero CRC. , 

' ■ il'- ^ .1!-. J'lt -I '' ■ ? 

Bit 5: Receiver Overrun Error 

This bit indicates that the receive FIFO has overflowed. 
Only the character that has been written over is flagged 
with,tf}is errpr„and wi^sn the character is read, the Enor 
condition Is latctied until reset by the Enx>r Reset com- 
mand. The ovemjn character and all subsequent 
characters received until the Error Reset command is 
issued causes a Special Receive Condition vectorto be 
returned. 
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at 4: nrlty Error 



mm AMSmt 



When parity is enabled, this bit is set for the characters 
whose parity does not match the programmed sense 
(even/odd). This bit Is latched so that once an en'or 
occursi it remains set until the Error R«sflt cojEnmaBd is 
tesued. if9idpari^inS))ecialConditiof1bitkset,ii|aa% 
enor cawes a ^edai Receive Condition vector to He 
returned on the character containing the error and on 
subsequerif characters until the Error Res^ c^im|iaH<id ts 
issued. 

BUS 3, 2, and 1: Residue Codes 2, l. And 

Inthose cases in SDLC mode where the received l-Reld 
is not an integral multiple of the character length, these 
three bits indicate the length of the l-Field and are 
meaningful only for the transfer in which the end of frame 
bit is set. This field is set to "011" by a channel or 
hardware reset and is forced to this state in Asynchro- 
nous mode. These three bits can leave this state only if 
SDLC is selected and a characteris received. The codes 
signify the following (reference Table 6-9) when a receive 
character length is eight bits per diaracter. 

l-Field bits are right-justified in all cases. If a receive 
ch^rac^er length other than eight bits is used for the I- 
i^eld, a liable similar to Table 6-9 can be constmcted for 
eiach dfferent character length. Table 6-10 shows the 
residue codes for no residue (the l-Reld boundary lies on 
Si charac^r boundary). 

Tabto 6-S. I-Ftoki BK Selection (8 Bits Only) 
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Tllito MO. Residue Bits/Character 
HHIfeiiar Reskfoie Residue Residue 



In Asynchronous mode, this bit is set when all characters 
have completely cleared the transmitter. Most modems 
contain additional delays in the data path, which require 
the in9dei»i»niral:8^|nate remain active unQI after the 
i^airlaMrdeavdtlMhthetrarismitter'andths inodeni. 
TMS feit is always set in synchronous and SDLC modes. 

lAiaii ^egisler 2 ; . 

RR2 contains the Men^ vector written into WR2. 
When the register is accessed In Channel A. the vector 

returned is the vector actually stored in WR2. When this 
register is accessed in Channel B, the vector returned 
includes status information in bits 1 , 2, and 3 or in bits 6, 
5, and 4, depending on the state of the Status IHigh/Status 
Low bit in WR9 and independent of the state of VIS bit in 
WR9. The vector is modified according to Table 6-4 
shown in the explanation of the VIS bit in WR9. If no 
interrupts are pending, the status is V3, V2, VI => 011 , or 
V6, V5,AAI*4.i0...^i|u».&20 shows-thebK- positions 
tbrRR2. 



[d,|06|d5|d.[d3|d;|d, IdqI 



V, 

V2 

V3 

V4 

Vs 

Ve 

V? 



> INTERRUPT VECTOR ' 



•MODIFIED IN B CHANNEL 



J^SmJkM!. Read Register Z 



8 

7 
6 
5 



1 

1 







1 



Read Register 3 

RR3 is the Interrupt Pending register. The status of each 
Of the Interrupt Pending bits in the SCC is reported in this 
register. This register exists only in Channel A. If this 
register is accessed in Channel B, all 'O's are returned. 
The two unused bits are always returned as '0'. Rgure 6- 
21 shows the bit positions for RR3. 

' ' Read Register 6 

When the SCC is programmed for SDLC operation and 
titiQeMipRIS is set to '1', RR6 contains tfie LSB of a 
tmm 1^ mm mma in the 1 0xi g-blt RFO array as 
sfiQiwn im Rgismi 
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CHANNEL B EXT/STAT IP' 

CHAN|*EJ.!b"T3:H»*i i ■ 
CHANNEt^ Rx IPTIfi ■ 
CHANNEL A EXT/STAT IR'tr. ': 

CHANNEL A Tx IP* ' 
CHANNEL A Rx IP* . , 



[■ALWAYS IN B CHANNEL , 

Figure 6-21. Read Register 3 



Recid Register 7 

When the SCC is programmed for SDLC operation and 
bit D2 of WR15 is set to '1', RR7 contains the MSB of a 
frame byte count stored in the 1 0x1 9-bit FIFO array, and 
provides FIFO status via bits D7 and D6 as shown in 
Figure 6-23. Bit D7 is set to '1' when the 10x1 9-bit FIFO 
overflows; otherwise it is set to '0'. This bit and the FIFO 
control bit (WR15 bit 2). Bit D6 is used to determine if 
status data will be from the FIFO or directly from the 8-bit 
Status FIFO (RR1). This bit is set to '1' whenever the 
10x1 }-bftf imte no| eifi^otherwIsrfrls^'O'. 

ReadFlc^tsiira 



RR8 



is the Receive register. 



D, De D5 D4 D3 D2 D, D„ 



Lo 



■J' -\'' : ■• 

ON LOB*' ,'■ 



LOOP SEff nN9^ 


TWO CLOCKS MISSING 
ONE CLOCK MISSING 



Figure 6-24. Read Register 10 



Read Register 10 

RR1 contains some miscellaneous status bits. Unused 
bits are always '0'. Bjt.po^qp6iNv,,^^0 are shown In 

Figure 6-24. ' "'.1.. , 

Bit 7: One Clock Missing " 

While operating in the FM mode, the DPLL sets this bit to 
'V when it does not see a clock edge on the incoming 
lines in the window where it expects one. This bit is 
latched until reset by a Reset l^issing Clock or Enter 
Search Mode command in WR14. In the NRZI mode of 
operation and while the DPLL is dt^lidd, Ultg bit'ts 
always '0'. 

Bit 6: Two Clocks Missing 

While operating in the FM mode, the DPLL sets this bit to 
'1' when it does not see a clock edge in two successive 
tries. At the same time the DPLL enters the Search 
mod^,; This bit is lalched until reset b)(;;a Reset Missing 







D5 


D4 


D3 


D2 




Do 



- MSB BYTE COUNT 

• FIFO DATA AVAILABLE STATUS 

; 1 = STATUS READS COME FROM 10X9 BIT FIFO 
2 = STATUS READS COME FROM SCC 



- FIFO OVERFLOW STATUS 

1 > FIFO OVERFLOWED DUWNGrOPERATieit 

0- NORMAL f! 



S-d .y.. . 
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Oock or ^nter Search Mode command in WRlll. 
MRZI mofi|& erf operittion and while the DPLL is disabled, 

rv. - — • 



Bit 4: Loop Sending 

This bit is' £f0t to '1' in SOLC Lxxip mocte «Me the 
iRinsmitteii'tsIn control of the Loop, thai is, whito^ ttCD 
ISadiveiytoisinMingontheloop. THs bRisimtfaial 
other timet.. 

This bit can be polled in SDLC mode to determine when 
the closing flag has been sent. 

BUI: Oatoop 

i 

This bit is ssent to '1' while the SCC is semiOf ^lmpttst: 
SDLC Loop mode. This bit is set to '1 ' in the X21 miiftft 
(Loop mode selected while in monosync) when ttie 
transminer goes active. This bit is '0' at all other times. 
This bit can also be pulled in SDLC mode to determine 
when the dosing flag has been sent. 

Read Register 12 

RR1 2 returns the value stored in WR1 2, the lowerbyte of 
the time constant for the baud rate generator. Figure 
6-25 shows the bit positions for RR12. 



Register 13 

' ■ •H W tl t "i<8 t t i ffl s l hg» a te> e s to red tn Hiropper t^e 
of the time constiuit for the baud rate generator. Figure 
6-26 shows the bit positions for RR13. 



"7 



D4 



D, 



I— TCn 



TCo 
TO, 
TC2 
TC3 
TC4 
TCs 
TCe 
TCr 



LOWER BYTE OF 
TIME CONSTANT 



,^ I D, I Ds I D5 ; 0, i D3 1 D2 : p. IdTI 

L TCa 



TC9 

TC,o 
TC,i 
TC,2 
TC13 
TC14 
TC15 



UPPER BYTE OF 
TIME CONSTANT 



Figure 6-26. Read Register 13 



Read Register 15 

RmS-iii^leGts the vakne stored in WR15, the External/ 
Stahjs tC m^i ^fUfwosisd t>it is always returned as 'O' 
unless the corresponding bits In WR1S have been set to 
'1 '. Figure 6-27 shows the bit positions for RR15. 
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Figure 6-25. Read Register 12 
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SOLaHDLC ENHANCEMENT 

STATUS 

ZERO COUNT IE 

10x19-Brr FRAME STATUS FIFO 

ENABLE STATUS 

DCD IE 

SYNC/HUNT IE 
CTS IE 

Tx UNDCRRUN/EOM IE 
BREAK/ABORT IE 



F^urs 6-27. Read Register 15 
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MTRODUCnON 

This appleatlon note describes the soRWi^ ititiailzation 



ler(SCC). 

Table 7-1 provides a woricsheet that carr|^VE»ed as an 
atd when inWaHzing the sec. Since all SCC operation 

modes are initialized in a similar manner, tlie worksheet 

can be used to tailor the SCC device to the user's 

individual need. Specific examples am-stiim^lm-^ 
= ^ " I T I 



following chapters. 
Z8530 INITIALIZATION 
Register Overview 



Each of the SCC's two channels has its own separate 
Wrtte registers that are programmed to Initialize different 
operating modes. There are two typesofbitelnthe Writer- 
registers: Command bits and Mode bitsi. i^mati^'M;" 
a registerthat contains both types of bRsi - - ' - 
9 (WR9), andisshown inngure7-1. . ; ; j i . 

WR9istheMasterimernipt Control registeranfecir^ 
the Reset command bits. Command bits are (tenbted by 
having boxes drawn around them in re{^er diagrams. 
Bit D5 In this register is not used in this Pi^^&^iaBiiiSB^ 
be at all times. | ' I ' i 




The Command bits, D7 and D6, select one of the reset 
commands for the SCC. Setting either of these bits to 1 
disables both ttie receiver and the transmitter In the 
sndyng channel, forces TxD for the channel 
I, foiees Jle modem control signals IHigh in that 
channel, resets all IPs and lUSs, and disables ail inter- 
rupts in that channel. Functions controlled by the Com- 
mand bits can be enabled or cHsabled only; they cannot 
be toggled. '' 

Bits D4-D0are Mode bits that can be enabled ordisabled 
either by being set to '1' or reset to '0'. Each Mode bit 
affects only one function. For example, Bit D1 is the No 
Vector mode bit; it controls whether or not the SCC will 
respond to an Interrupt acknowledge cycle by placing a 
vector on the data bus. If this bit Is set, no vector is 
returned, in Command t>its entry, each new command 
requires a separate (pvrite of the entire register. Care 
-tnustbetalwnwlienfeajlngacommandsothatthe Mode 
~Se not jgh4fjg0d:«@eldentally . 

izattonfifoieedure 



1_ 



ME r -I— , 

I ' I 



NV 
DLC 












1 


t 





1 


1 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
raiMp HUOWMIE 



'TlijrSCC.inltt^ali^-procedwe is divided into three 
parts. The firet part consists of programming the 
operation modes (e.g., bits-per-character, parity) and 
loading the constants (e.g., interrupt vector, time con- 
stants). The second part enables the hardware functions 
(e.g., transmitter, receiver, baud-rate generator). It is 
important that the operating modes are programmed 
before the hardware functions are enabled. The third 
part, if required, consists of enabling the different 

Table 7-2 shows the order (from top to bottom) in which 
the SCC registers are to be programmed. Those regis- 
ters that need not be programmed are listed as optional 
in the comments column. The bits in the registers that are 
marked with an 'X' are to be programmed by the user. 
_ The tiits marked with an 'S' are to be set to their previous 
—programmed value. For example, in part 2, Write Regis- 
bits D1^7 are shown with an 'S' because they 
— Aave^ewi progtammed in part 1 and must remain set to 
iJljitj^Hnevalue. 



Figure 7-1. Write Register 9 
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WRO Jt 
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WRS 
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WR7 . 
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WB14 . 



BINARY 
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CO 

UJ 

^ CO 

< 
z 

UJ 

, L 

r 



WR1« 

WIO 

WHS 

WHO _? 2_ 

WR1 __ 

WR15 

WHO J £_ 

WRO J !_ 

WRI 



10 - 
31*4 " 



RESET TiGRC 



RESET Ert/^TATUS 



RESET EnVSTATUS 



Table 7-1. SCC Initialization WorksiMat 
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Table 7-2. SCO lnltlallztfls«i QfOm 



InmiMlBl^lable Qeneration 



Part 1. Modes and Constants 



WR9 

WR4 

WR1 

WR2 

WR3 

WR5 

WR6 

WR7 

WR9 

WR10 

WR11 

WR12 

WR13 

WR14 

WR14 




1 1 00000 Hardware Reset 

XXXXXXXX Tx/Rx con, Aysnc or Syn 

OXXOOXOO Select W/REQjgga; 

XXXXXXXX Pro9ra^liitem;«$ ¥fwlpM 

XXX}0(XXO SeMdRxPoMsLU. 

XXXXOXXX Select Tx Control 

XXXXXXXX Program sync character (opt) 

XXXXXXXX Program sync character (opt) 

OOOXOXXX Select Interrupt Control 

XXXXXXXX Miscellaneous Control (opt) 

XXXXXXXX Clock Control 

XXXXXXXX Time constant lower byte (opt) 

XXXXXXXX Time constant upper bytett^t} 

XXXXXXXO Miscellaneous Corrtro! [i 

XXXSSSSS Commands £<pj :-_ J 

i ' 1 b1 



WR14 

WR3 

WR5 

WRO 

WR1 



00OSSSS1 

SSSSSSS1 

SSSS1SSS 

10000000 

XSSOOSOO 



Baud Rate Enabfe ~ 

Rx Enable 

Tx Enable 

Reset Tx CRG (opt) 

DMA Enable (opt) 



WR15 XXXXXXXX Enable External/Status 

WRO 00010000 Reset External Status 

WRO 00010000 Reset External Status twice 

WR1 SSSXXSXX Enable Rx, Tx and Ext/Status 

WR9 OOOSXSSS Enable Master Internjpt Enable 



1 = Set to one 
> Reset to zero 



X = User defined 

S = Same as pre^sly piogl 



Table 7-1 as shown previously, is a worksheet forthe Ini- 
Halization of the SCC. All the bits that must be pro- 
grammed as either a '0' or a '1 ' are already filled in; the 
■omalning bits are letft blank and are to be programmed 
by Wm user accordlngioihe desirecl mode of operation. 
The binary value canthen be converted to a hexadecimal 
number and placed in the table, following the Write 
register notation In the column labeled "HEX." A Program 
Initialization Table is produced when this worksheet is 
ODIII{NoinU. 

Ri 

Prior to initialization, the SCC should be reset by either 
hardware or software. A hardware reset can be accom- 
plished by simultaneously grounding RD and WR. A 
^ft^arg^r^set can be execvted by writing a COH to Write 
prjC After one fid^nel has been Irdfialized, a 

i fSfet should b9 t}ed in ple^ of the hardware 

ipset in ttHTliytlalization. state of ttie SCC regteters, 
9fter reset, Is stiowii ih table 7-3. Before writing to the 
see, a read should be performed to guarantee the 




iNOUS MODE 



POLLED ASYI 
fMrodueti^ir^ ^ 



This chapter describes the use of the SCC in polled 
Asynchronous mode. The device can be set with 5 to 8 
bits per character, 1, 1-1/2, or 2 stop bits, and a wide 
range of baud rates. In this particular example, 8 bits per 
character. 2 stop bits and 9600 baud rate are used. An 
^emal 2.4576 MHz, crystal oscillator is used for baud- 
ntte generation. TtieS^can be programmed for local 
feoptai^ for on^ wfael (P aanostics. The user can msdce 
use of thts feature to test-program the part without 
additional hardware to simulate an actual transmit and 
receive environment. — 



f-'t ■■'•IV' ' - v:ri. : ■■ '.i '■ 
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6 5 4 3 2 1 



7 6 3 4 3 2 1 



WRO 

wm 



wnio 



EC 



TTTI 



WR9 


1 


1 


1 











> jr??^'.>0 -D I J i-, 1- -I B I I I I I I I I J 



mm* 

RRO 
RR1 



•in* 1.. .y ■ 1^ ■■ 



ED 



, Table 7<9. SOC Register Reset Values 



1 r.T.-' 



■ . ^ V 



SGC Interface 

Figure 7-2 shows the SCC to CPU interface required for 
this application. The 8-bit data bus and control lines all 
co me fro m the user's CPU. The Z8530 control lines are 
RD, WR, A/B, D/C and CE. PCLK comesf rem the system 
dock.Jor an external crys tal, up to the maximum rate of 
the SCO. The IE! and the INTACK pins should be pulled 
up. T he baud-rate generator clock Is connected to the 
RTxC pin. 



SCC Initialization 

Initialization of the SCC forpolled asynchronous commu- 
nication is divided into two parts; part one programs the 
operating modes of the SCC and part two enables them 
(referto Table 7-4). Care must betal<en whenwritingthe 
software to meet the SCC's Cycle and Reset Recovery 
times. The Cycle Recovery time, 6 POLK cycles, applies 
to the period between any Read or Write cycles affecting 
the see. The Reset Recovery time is the period after a 
hardware reset caused either by hardware or software; 
this recovery time extends the Cycle Recovery time to 1 1 
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•C^ CONTnOL 





Fl9ura 7-2. SCCInMrface 



Table 7-4. Polled AsymM^pnous Initialization Proeafhwi. 

ConHitents 



Force Hardware Reset 

x16 clock, 2 stop bits, no parity 

Rx 8 bits, Rx disabled 

Tx 8 bits, DTR, RTS, Tx off 

Int. Disabled 

NRZ 

Tx & Rx = BRaout,.TRx'Gci> • 

-BRGout 

Time constfi«si«r 'sif 

Time con stant hig h = 

BRGIn = RTxC.BRGoff, 

loopbacfc- ' • ' ' 
- H Si's: n-.iieT ;i!-raiinB!8 

Enables .. ' •* • '> ^ 



Register 


Value 


WR9 


COH 


WR4 


4CH 


-.h WR3 


COH 


WR5 


60H 


WR9 


OOH 


wRia 


OOH 


WR11 


56H 


WR12 


06H 


WR13 


OOH 



WR14 11H 
WR3 C1H 

vyRS 



68H 



BRG enable ^ 
Rx enable 
Tx^nable . 



SCCOpmaUng Mode Pmgrammlng 

WR9 resets the SCC to a known state by writing a CO hex. 
The Force Hardware Reset command Is identical to a 
hardware reset. It will reset both chann^^ 

WR4 selects the Asynchronous, x 16 nwde, with 2 stop 
bits and no parity. The x 1 6 mode means that clock rate 
is 16 times the data rate. 

WR3 selects 8 bits per character and does not enable the 
receive. The 8 bits per character allows 8 bits to be 
assembled from the data stream. The receiver is not 
enabled at this time because the SCC has not been 
initiaized. 



WR5 selects 8 bits per charade rand does not e nable the 
transmitter,' TtietS bits per character allows 8 bits to be 
sdm, affHla»8|ciiii fhe least sigmtant btt'tirst^^ The 
iMtsmitter tsf^iisia&lltfattlTts time because the SCC 
has not been inHalmd. 

WNS seleets that them «»jiointemjpts enableGl. TMs 
inhibits the SCC from requesting an interrupt from the 

CP0.'- ^'""^ " " - 

WR10 8eiie|SflRZ-««eo«iif)g. This ISIRZ coding is used 

on the transmitter as well as the receiver. 



WR1 1 selects tj^ ^^Pinjo TTL clock; the baud-rate 
ge nerator is tha^BimmK and receive docto souice. and 
the TRxC pin is used as a baud-rate generator output, 

13 select, the baud-rate generator's tinw 
f(Mll4iMAlM9^13 tirne constant is dstennlned by the 
equation: 



SB: 

Time Constant - 



,C^pd(.Frequan(y 



2 x Baud Rate x clock mode 



in this exarnple,.the clock frequency is 2.4576 MHz, the 
baud rate IS ,9600, the clock nx>de is 16. The time 
constant W^ Vt&ritom, 6; expressed as a 16-btt,^ h^a; 
decimal niiMi^k it is 0iS^6H. The time cohMiiht Lo^ 
(WR12) lerfM^MSf^i-and the time constant High 
(WR13) is OOH. The band rate for this example can be 
varied, as long as the data rate is less than 1/4 of the 
POLK rate. Table 7-5 shows the time constants for other 
common baud rates. 

Tattle 7^5. i'RM«t@oflpilanta tor Common Baud Rates 



Baud 



Divider 



Rate 


Dec 


Hex 


38400 





OOOOH 


19200 


2 


0002H 


9600 


6 


0006H 


4800 


14 


OOOEH 


2400 


30 


001 EH 




m ■ ■ 


003EH 


3^ 600 


126 


007EH 


300 




OOFEH 


150 


510 


01FEH 



For 2.. 



XlidixkUode' 
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WR1 4 selects the baud-rate generator as ttie RTxC pin, 
baud-rate generator disabled, a nd inte rnal loopback. 
The bkud-rate generator uses the RTxC pin as the clock 
sounB«^i|Qi^e{»i;le!d at tttis Hm because the SQC 
initial^rtiQlrtenoteomplete. vf-.i; -'..<■.> 

sec iJpenmg MaMiEntaes ^ 

WRI4 enables the baud-rate generator. Bit (LSB) is 
chanded to a '1' to enable the baud-rate generator; all 
other bits must rhaintain the vaUje seieoled during 
initialization. 

WR3 enables the receiver. Bit (LSB) is changed to a '1 ' 
to en^le the receiver; all other UHS must nfaintain the 
value {selected during initialization. 

Enables the transmitter. Bit 3 is changed to a '1 ' to 
h' the transmitt^; all other tte ntl^t-tnaintain the 
value {selected during initialization. " - ' r 

mit and Receive Routines 

After Malization, and after all enables have been se- 
lected, the sec is ready for communication. The trans- 
mitter buffer and the receive FIFO are empty. The 
example shown bek>w Is coded to transmit and receive 
characters. 




/Transmit a character 



TXCHAR: INPUT RRO 
TSSt BIT2 



;Read RRO 
;Test transmit 
_ - buffer eiqjty " 
JZ TXCHAR; hoop -if tidt -^em^l^ ' 

OUTPUT-CHAR- /OutpBt -character to 



RET 



datsjport ^j,-,; 
; Return 



/•Receive a character 

RXCHAR: INPUT RRO ; Read RRO 

TEST BIT ; Tesft Receive ■ 
buffer ' 

JZ RXCHAR; 1.00^ if not full 

INPUT b'HAR ; Input character 

from data port 

RET' ' ' ; Return ■ 

Fl9iir«7-3. TranamKand Rec«hn|fl^|U{^ , 



INTERRUPT WiTHOUT iNTACK 
ASYNCHRONOUS IMODE 

introduction 

This chapter describes the use of the SCC for interiupt- 
driven Asynchronous model As with the example in the 
previous chapter, the SCC is sedvilh iJ^psrcharacter; 
2 stop bits, at 9600 baud rate. Aii external 2.4576 MHz, 
crystal oscillator is used for baud-rate generation. Inter- 
rupt acknowledge is not generated because of the extra 
hardware required to produce this signal. In this chapter, 
the SCC is also programmed for local loopback so that no 
external loop between the transmit and the receive data 
lines is needed for on-board diagnostics. This feature 
altows the userto test-program the part without additional 
h^dware to simulate an actual tran^t and receive 
erWitonifierir! " 



SCCInterface 



Figure 7-4 shows the SCC to CPU interface requited for 
this application. The S-^t data bus aQs(j^ritrol Jin egM 
come from the user's CPU. The oenirel4nes are tiB-, 
WR,A/6,D/UandUE. ThelNTsignaigoestoaniitlemipt 
controller which must produce the interrupt vector to the 
CPU. The PCLK comes from the system clock, or an 
external crystal oscillator, up to the maximum rate of the 
see (e g ., 6 MHz for the Z8530A). The lEI and the 
INTACK pins should be pulled up. Th e baud-rate gen- 
eralof dotk isiioonnected to the RTxC fiin. 

SCC Initialization «o • 

The initialization of the SCC for interrupt-driven asyn- 
chronous communication is divided into three parts as 
shown in Table 7-6. Part one programs the operating 
modes of the SCC, part two and three enable them. Care 
must be taken when writing the code to meet the SCC's 
Cycle and Reset Recovery times. The Cycle Recovery 
time applies to the period between any Read or Write 
cycles to the SCC, and is BfdLK ^^es. The Reset 
Recovery time applies to a hardware r^eficaused either 
by hardware or software ; this recoveiy tintt extends the 

Cycle Recovery time to 1 1 PCLK cycles. 

;dr,Cs - . < n .0 }-Zi3\t,b:f 'A' <■■,-'■ 

x-". f t-'-j',. - .■■V,-. '-ii ■ 
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INTERRUPT 
CONTROLLER 




FlgUr«7-4. SCC Interface 



T(d>Ui 7-6. SCC InHlallzatlon Order 



Register Value 



Comments 



WR9 CdH Force Hardware Reset 
WR4 4CH X 16 Clock, 2 stop bits, no 

parity 

WR2., OOH Interrupt Vector 00WR3 

COH Rx 8 bits, Rx disabled 

WR5 60H Tx 8 bits, DTR, RTS, Tx off 

WR9 OOH Int Disabled WR10 

OOH NRZ 

WR11 56H Tx&Rx = BRGout.TRxG = 

BRG out 

WR1 2 06H Time constant = 6 

WR13 OOH Time constant high = 
WR14 10H BRG th = RTxC, BRg^, 

loopback 



Register Value 



Comments 



Enables 



WR14 

WR3 

WR5 



11H 
C1.H 



BRG enable 
Rx enable 
Tx enable 



t-tX5i' tso^ leiteble Interrupts 



WR1 12H RxIntonallcharandTxInt 
' enables 
WR9 08H MIE 

:y:v - ■'■r - 

.i„\i . > tf/.. ::o.> sti *.u'3i:s'" 
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SCp OptmiNtg UeiiS»Progrmmning 

WR9 resets SCC to a known state by writing a CO hex. 
This command, Forca Hardware Reset, is identical to a 
hardware i^seet. K wtk reset lx>th chanhels. 

WR4 selects asynchronous mode, x1 6 mode, 2 stop bits 
andino parity. The x1 6 mode means that the clock rate 
is 16 times the data rate. < 

WR2 is the interaipt vector of the SCC. Even though a 
vector is not placed in the bus in this mode the vector 
Including status is read from RR2. By writing OOH to this 
register the status read will be the only bits set in RR2. 

WR3 selects 8 bits per character and does not enable the 
receiver. The 8 bits per character allows 8 bits to be 
assembled from the dafta ^am. The receiver is not 
enaoied at ttdis time because the SCC Is not completely 
inltiaflzed. 

i selects 8 bits percharacter and does not enable the 
smitter. The 8 bits per character allows 8 bits to be 
sent as data with ttie least significant bit' first. The 
transmitter is not enajled at this time because the SCC 
Is nott completely initialized. 

WR9 seieets %at ttie^ are no inteiirupts enabled. This 
will illtlinsR the see fxm requesting an intenrupt from the 
CPU. 

WRllo selects NRZ encoding. This selects NRZ coding 
that IS tbWO^MlFie fransoMer and Hie receiver. 



WR1 

and 

and 



selects the RTxC pin to TTL clock, the transmit 
rec eive cto cks source as the baud-rate generator 
the TRxC pin as a iiaud-rate generator output. 

WR12 & WR13 select the baud-rate generator time 
cons ant. The time constant is. determined by the 
ec^ajfon: £ 



Timei Constant 



Ckxdc Frequency 
2 X Baud-Rtclfl X clock mode 



-2 



In this example, the clock frequency is 2.4576 MHz, the 
baud rate is 9600, and the clock mode is 16; the time 
constant is 6. Converting this time constant to a 16-bit 
hexadecimal number, it becomes 0006H. The time 
constant Low (WRIS) Is QSH and the time constant High 
(WR-^S) is OOH. The baud rate fbrthis example can be 
varied for as long as the data rate is less than 1/4 of the 
PCUt rate. Table 7-7 gives the time constants for other 
common baud rates. 



Table 7-7. Time Convtant* for Common Baui Rate* 



Baud 



Divider 



Rate 


Dec 


Hex 


38400 





OOOOH 


19200 


2 


0002H 


9600 


6 


0006H 


4800 


14 


OOOEH 


2400 


30 


001EH 


1200 


62 


003BH 


600 


126 


OOTSH 


300 


254 


OOPiH 


150 


510 


Otf^EH 



nr Z4S76 UHt Chek. X16 Chckkhde 



WR14 selects the baud rate source as the RTxC pin, 
baud rategeneratordisabied, and intern al loopback. The 
baud-rate generator will use the RTxC pin as the clock 
source for the baud-rate generator. The baud-rate gen- 
erator is not enabled at this time because the SCC 
initiaHsitito-is-not'eeffipiete. 

$CQ OpenaingMoOB Enables 

WR14 enables the baud-rate generator. Bit (LSB) is 
changed to a 1 to enable the baud-rate generator; all 
other bits must n^ntain the value selected during ini- 
tialization. 

WR3 enables the receiver. Bit (LSB) is changed to a 1 
to enable the receiver; all other bits muSt mal|pih the 
value selected during Initialization. 

WR5 enables the transmitter. Bit 3 Is changed to a 1 to 
enable the transmitter; all other bits must msMain the 
value selected during initialization. 

SCC Operating Mode Interrupts 

WR1 enables the Tx and the Rx interrupts. The Rx 
interrupt Is programmed to generate an interrupt on all 
received characters or special conditions. This provides 
an interrupt on every character received by the SCC. The 
external/status intermpts are not enabled Jn this 
I4)plcati6il:' .' ' 

WR9 sets the master Interrupt enable (MIE) bit 3. Setting 
this bit enables the interrupts pending to generate and 
inlenupl on the 1RT pin. 
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ifiterrapt Routine 'f; 

When the SCO has been initialized and enabled, it is 
ready for communication. The transmitter buffer and the 
receive FIFO are both empty. An intemjpt will not be 
gmsrsrteduntil the software writes the first character to 
Ine ttaMMliuff er. On&e the first ehiidteris in the SCO 
shift register, the first transmit intermpt will occur. The 
sec then continues to issue intenupts to the intenupt 
controller until the end of the message. At the end of the 
message, a Reset Transmitter Interrupt Pending (WRO) 
is Issued to clear the transmit interrupt. After the last 
character is read Into the SCO, the interrupts will cease 
until another message is written into the transmitter. 



OfKse an intemjpt is received and the intermpt controller 
vectors to the interrupt routine, RR2 Is read from channel 
B. The value read from RR2 Is the vector, Including 
status. This vector shows the status of the highest priority 
intenupt pending (IP) at the time it is read. Once the 
highest priori jiAMniftt .condition is cleared, RR2 will 
show th««fatus#ttie rtmltghestinternif^penaiiig, if 
one is present. This allows intiWple tnteirrt^ tO' be 
serviced without the overhead of the fnteitupt acknowl- 
edge cycle of the interrupt controller. MIE is disabled and 
then enabled to guarantee an edge for an edge-sensitive 
interrupt controller. i - " 

The following example shows how the intenupt routjne 

should be coded. 



BEGIN: 



INPUT 

TEST 

JE 



RR2 
Bit 4 
TXEMPTY 



'''';Read' td«i '#rcari channel B 
;Test for Tx Empt^- ^• 
;Jump to Transml€''^fet'Frie'^ 



TEST 

JUMP 

OUT 

OUT 

IRE?. 



, - r;.sfj^ -j 

ggTBm, 

DEC 

f ' '_ ' 

lAST: /OUTPUT 
JUMP 



Bit 5 
RXFULL 
WR9 00 
EOI 



ZlAST 

CHARCOUNT 
BEGIN 

RR0,28H 
BEGIN 



RXFULL: 



INPUT 

COMPARE 

JUMP 

INPUT 
JUMP 



RRl 

RR1,00 
NE 

CHAR 
BEGIN 



/•Test for Rx full 
/Jump to Receive Routine 
;MIE Disabled 

/Output EOI to Interjcjlp^..Conti^d 

■- • .:€i;i . jr *' t'Sr 

.>ifi-ir;l«Sjk>%fA*S%»-^°'^a*^*cti* flag', !*(•• 

/Decrement character count ' > 

;'Jtiinp t©!StolN to test for more IP 

/Reset T»tSif8erra^'''%fehd£ng V&^>^'-^ 
; juflp to iBBG^-N to tesit for inor«^' 

- j'jq JC V: V'-i lie.- ;r. K 

^^/Read RRl _^ . .,^<. ni ■• 

/Test for special conditl£» b4t.^;9^t^ 
/ Jus© to SPECIAL ,. . ' J 

/Input oharcater from data port 
/Juit^j to BEGIN to test for more IP 



SPECIAL/ . 



This means a framing error, receive overrun error or parity error has 
occurred. Character may be read but data is not correct. A flag should be 
set to post the error. 



OUTPUT RRO, 30H 
JUMP BEGIN 



/Reset Error Command 

/Jump to BEGIN to test for more IP 



Figure 7-5. SCC Interrupt Routine 
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INTERFACING TO THE 8086/80186 
8086 (Also Called lAPX 86) Overview 

The 80S6 is a generalipiipo^ f6rbit microprocessor 
GPU TheCFUha8»1«bit data bus rnultipiexecl, with 
sixteen address outputs. There are tour additional'ad- 
dress lines (segment addresses which are multiplexed 
with STATUS) that Increase the memory range to 
1 Mbyte. The 8086 addresses are specified as bytes. In 
a 16 bit word, the least significant byte has the higher 
address. This is compatible with 8080, 8085, Z80 and 
PDP1 1 addressing schemes but differs from the Z8000 
arid! 



The data bus is "asynchronous;" i.e, the CPU machine 
cycle can be stretched without clock manipulation by 
inserting Wait states between T2 and T3 of a read or write 
cycl^ to accommodate slower memory or peripherals. 
Unlike the 68000 , the8086 has separate address spaces 
for 1/6 (64 KBytes). 

The 8086 can operate in MIN. or MAX. mode. Maximum 
mode offtoads certain bus control functions to a periph- 
eral device and allows the CPU to operate efficiently in a 
co-piocessor environment. A brief discussion' on both 
the MIN. and the MAX. modes follows. 



MIN. mode: I/O addressing is defined by a High or the 
KMM output, and activated by the RD 
W^tfar readingtrBn^memory, ort/0 or 
afcivatsd l>y the WR output for writing to 
memory or I/O. 

DMAi The Bus is r^ested by activating the HOLD 
Input to the 8CfiS6. Bus Grant Is confirmed by the 
HLDA output from the 8086. 

MAXi mode: I/O operation is controlled by two outputs 
(am > plus from t he 8288. 
8288) lORC: active during Read from I/O 

lOWC: active during Write to I/O 
>fflDC: active during Read from memory 
MWTC: active during Write to memory 



DMA: The Bus is requested and Bu sGra nt ts.ac know - 
ledged on the same pin (RQ/GTO OR RQ/GT1) 
through a pulsed handshake. 



mtenupts in mt. am max. m^Um: 



Interrupt is requested by activating th^,jl{f1itjor NMl 
inputs to the 8086. 



Intermpt is acknowl edged by the INTA pin on a Mlf{. 
mode 8086 or by the INTA pin on the 8288 in MAX. mode. 



Note: There is no RD or lORC during the intenupt 
acknowledge sequence. 

ne 8086 And Z8530 Interface 

Most comrrwn systems demultiplex address and data. 
The Z853|0 is cpmpatit)le with these ^ir^ems. 

Interface between the 8086 and the Z8530 peripheral 
device shows how to take adva ntage of its interrupt 
structure as shown in Fig ure 7-6. INTACK is generated 
by the 8086's first INTA pulse. This allows about 800 
nsec for the interrupt daisy chain to settle. The second 
INTA pulse is then gated to the RD pin which places the 
vector on the bus. At 8 MHz, two Wait States must be 
inserted. This design is the same when interfacing to the 
186. It requires no additional Waft States. Diagrams in 
Figure 7-7 show the connections for 74LS74 in both 5 
MHz and 8 MHz operaHors of1he B&SI^. ' Figure 7-8 is 
an alternate Implementation which can be used in place 
of the logic in the dotted area in Figure 7-6. 

Note that the falling edge of iWr must be delayed to meet 
data setup time requirements. A Wait State must be 
inserted (not shown) to meet pulse width requirements 
during a write. 

The Am29841 is a high speed 1 0-bit latch with high drive 
capability. Oth er lat ches may be used instead. Most 
designers latch SHE even though S, is the same, the few 
extra bits become quite useful when trying to keep parts 
countdown. 
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M/iS 



J*i.SM 

-tx- 



I] 



M.SM 

er o 



D O 

T4LS74 
CP O 



Flgura7-6. 8086— sec Interface 




V 



• X 12S = 1000ns 



V 



S X 200 « 1200m 



CP Q 
74LS74 



SMHzMUG 
Figure B 



Figure 7-7. hrtemipt Acknowledge Timing 
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INTA 



D "l 






D \ 


INIACK 


CP "5 

CUR 1 






CP • 











J 



RD 



INTA 



d =INTA£35 
e 

RD ' 



Figure 7-8. Interrupt Acknowledge Timing Implementation 
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MtMbiMon njuttnes 



Hie sample assembly initialization routine, Figure 7-9 
takes irtto account the READ/WRITE recovery time and 
has been tested in an 8 MHz system. The intenupt 



service routines for Channel B are for testing only and are 
not intended as realistic examples. Also, Figure 7-10 
shows a sample friM^on sequence written in "C." 



mC AMDOS 8/8 e4K, Version 2.00 - 9/ae/80 

type Int853 0.a86 

THIS ROUTINE WRITTEN FOR THE 8086 
INITIALIZES THE 8530 SCC FOR ASYNCHRONOnS 
OPERATIOK AT 9600 BAUD. 



REGZS^R VSIilSB 





AX 


INPUT ASD OOTPOT DATA -i-Iiji. 




BX 


COUNTER 






DX 


ADDRESS OF PORT 






BP 


POINTER TO MEMORY - 


CMD 


EQU 


0F902B 


; COMMAND/STATUS PORT 


DATA 


EQU 


0F900H 


;DATA PORT -»t - 


TAB 


EQU 


OFFSET TABLE 


if e 


ET 


EQU 


OFFSET ETB 


' 1 .-OS 












ORG 


OlOOH 




START: 


MOV 


DX,CHD 


*VGET address of CHD PORT 




IN 


AL,DX 


;READ STATUS TO SET STATE 




MOV 


BX,ET-TAB 


'"■iSET TABLE LENGTH 




MOV 


BP, TAB 


; POINT TO TABLE 


RPT: 


MOV 


AL, [BP] 


;GET DATA FROM TABLE 




OUT 


DX,AL 


•OUTPUT ADDRESS OF REGISTER 




INC 


BP 


.•INCREMENT TABLE POINTER 




MOV 


AL, [BP]., , .., 


;GET DATA 




OUT 


DX,AL 


; OUTPUT DATA TO REGISTER 




INC 


BP 


; INCREMENT "SASSJS POISTER 




DEC 


BX 


; COUNT- 1 




JZ 


RPT I. •- i-i 


aSSmaSI SF*HOT DOIO! 



; PROGRAM CONTimmS AS 0Bg^lS»e.> 
TABLE 



ETB: 



DB 


009H 


DB 


OCOH 


OB 


0038 


DB 


04 IH 


DB 


004H 


DB 


04CH 


DB 


005H 


DB 


028H 


DB 


OOBH 


DB 


056H 


DB 


OOCH 


DB 


OOCH 


DB 


OODH 


DB 


OOOH 


DB ' 


OOEH 


DB. ■ 


:X>\»78 







tAOIMSSS nR9 
; RESET C(»IHAHD 
.•ADDRESS HR3 

;# OF Bits "ire; 

.•ADDRESS WR4 
; DATA 

;ADDRESS WR5 
; BITS/ CHAR AND 
.•ADDRESS WRIX 
.•SELECT BAUD GEN 
.•ADDRESS HR12 
.•UPPER TC 
.•ADDRESS WR13 
.■LOWER TC . r^-^y^ - 

fAUEippB im***"*'***' ' 

;iSEt DSR iMi BAUD GEN 



Figure 7-9. SCC Initialization 



-f. 
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Initializing the Z8530 asynchronuously 
(using pointejf ''t»feirring to memory map I/O device) 



1 rr«i'il«-' -> VI' 



*********** 



Ox22FS5 

0X22F87 

2 

1 

16 



♦include "stdio.h" 

"♦define spaddress 

♦define dpaddress 

♦define rxbit 

♦define txbit 

♦define tablesize 

main { ) 
{ 



unsigned char tableCtablesize]; 
unsigned long *ptspa, *ptdpa; 
unsigned char value; 
int i; 

/* data table for initialization */ 



/* status port address * 
/* dataport address */ 
- -rA* rae^vie ready bit •/ 
/* transmit ready bit */ 



table[0]=0x9; 
table[l]=OxCO; 
table[2>0x3; 
table[3]-0x41; 

ibleC4>0x4; 
.able[5]-0x4C; 
tablet 6 ]»0x5; 
tableC7]-0x28! 
tableCa]'0«a; 

tableCiO]-OxC; 
tableCll]-OxC; 
tableCl2]=0xD; 
tablet 133-0! 
tabl«Cl4|<-0xE; 
tablet lSl-0x7; 



/* address WR9 */ 
/* hardware reset SCC 
/♦ address WR3 */ 
/* set ♦ of bits etc. 
/* address WR4 */ 
/* misc mode */ 
/* address WR5 */ 
/* bits/char and TXEN 
/* address WRll */ 
/* .select baud generator */ 
/* address WR12 •/ 

/* upper TC */ . ' , , . , 

/* address WR13 */ ', 

/* lower TC */ 

/* address WR14 */ 

/* set DTR/REQ enable baud generator 



/• ou6p$i« SiM£-S«0k %i%ta to perform initialization^/ 

ptspa^spaddress ; /* pointer ^to status port address */ 

ptdpa^dpaddress; /* pointer to data port address •/ 

value=*ptspa,* /* read status to set the set state machine */ 
for ti=0; i<tablesize; i++) /'perform initialization */ 

*ptspa=table[ i] ; 

/* receive and echo chai^actW routine */ r; 



far ( 
I 



; ) 

while ((('ptspa) & rxbit) == 0); 
value=*ptdpa; 

while (((*ptspa) & txbit) =•= 0); 
*ptdpa=value; 



/* wait for receive ready bit */ 
/* receive character */ 
/* wait for transmit ready bit */ 
/* transmit character */ 



Figure 7-10. SCC Initialization — Memory Mapped 



INTERFACING TQ THi 68000, 
6MKI0 Overview 

The (18000 has an asynchronous, 16-bit, bidirectional, 
data bus. Data types supported by the 68000 are: bit 
data, Integer data of 8-, 16- or 32-bit addresses and 
binary coded decimal data. It c an transf er and accept 
data in eitherwords or bytes. The DTACK input indicates 
the connplet ion of a data transfer. When the processor 
recognizes DTACK during a read cycle, t he data is 
latched and the bus cycle terminates. When DTACK is 
recogntei9(l diMflg a write (^de, the bus cycle also 



terminates;^^ active transition of DTACK indicates the 
termination^ data transfer on the bus. All control and 
data lines are sampled during the 68000's clock high 
time. The clock is internally buffered, which results in 
some slight differences in the sampling and recognition 
of vari ous signa ls. The 68000 mask sets priortoCGI and 
allows DTAC K to be re cognized as eariy as S2, and all 
devices allow BERR or DTACK to be recognized in S4, 
S6, etc., which termina tes the c ycle. If the required setup 
time is met during S4, DTACK will be recognize d during 
S5 and S6, and data will be captured during S6. DTACK 
signal is intemally synchronized to allow for valid opera- 
tion In an asynchronous system. N an asynchronous 
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control signal does not meet the required setup time, it Is 
possible that it may not be recognized during that cycle. 
Because of this, synchronous systems must not allow 
DTACK to precede data by more than 40 toj2^ nanos- 
econds, dependlr^ onthe speed of tli^ parHciilwpifOces- 
sor. 1^ nienK%-niapped, t.e^tl^^9r^ no q^al i 
ceowol signals. Any peripH«il treated as ai 
memoiy location. 



DMA: This Bus is recjuested'by activating the BR input of 
the 68000. Bus Arbitration is started by the BS ouqsut 
going active. The Bus is available when AS becomes 
inactive. The requesting de vice miwt acknowledge bus 
mastership by adivaiing the BGACK in^ to the CPU. 

The 23-t>it address {A^/.A^ Is on an unidirectional, 
three-state bus and can address 8 M words (1 6 Mbytes) 
of memory or I/O. It provides the address for bus 
operation during all cycles, except the interrupt cycles. 
During interrupt cycles, address lines A1 , A2 and A3 
provide Information about the level of interrupt being 
serviced. Instead of A^ and BYTE/WORD, there are two 
separate data strobe lines for the two bytes in a word. A 
note of cauOon h^. 68000 treats the MSB of the 
lower byte as an eyen bytei, or word address. The same 
goes with prooes^ois suc^ as the Z8000. PiDoessors 
such as the 8086 treat the lower byte as.the odd-bytfc 



Interrupt is requested by activating any combination of 
the interoipt inputs to the 68000 (IPLO. . .2), indicating the 
encoded priority level of the interrupt requester (inputs at 
or below the current processor priority are Ignored). The 
68000 automatically saves the status register, switches 
Ig^upervlsor mode, fetches a vector number from the 
intenupting device, and dlsplaystheintenupt levetonthe 
address bus. For Interfacing with oliJj^OOO peil|>herals, 
the 68000 issues an Enable signal^ at one-tenth of the 
processor clock frequency. There are a numberof AMD 
proprietary third generation peripherals that can be inter- 
faced to the 68000 CPU, to improve system perform- 
ance. This chapter deals mainly with the interfacing of 
the 68000 and miSBSSS^ 

The 68000 And Z9530 WRhout Interrupts 

Implementation of an interface without interrupt is 
straightforward. INTACK must be tied hiigh when not in 
use and the shift register provides a means for inserting 
Wait States. 

Rgure 7-1 1 shows the interface between the 68000 and 
the Z8530. The ^30 SCC is the fastest available serial 
I/O in the martt^idd^^Jt supports all advanced proto- 
ocis and iiam-B/nafttmeU user (Hogrammable features 




*23 
A11 



A 10 
A3 



68000 



OTACK 
Al 
A2 



nw 



74LS04 



— n 



■A 
V 



Ain»a08 



V 



ANYEP- 

Am29006 



XACK 



74LS04 



A Qa QbQcQd 

B 74LS164 
Ci5 CLK 



-I- 



74LS32 



74LS32 



/^74LS04 

A-^ 74LS32 CLK- 



D Q 

74LS74 

CP 



Z8530 



C5 



ac 

A/B 
RD 



WR 



833 36 

Figure 7-11. SCC— 68000 Intarfacing 
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A23 



Al8 
All 

CLK 



68000 



DTACK 

AlO 

As 
A4 
A3 

A1 
LDS 





6/ K 






/ ^ 







IPL, 
IPL2 

AS 

FC, 
FC 
PC 



-4> 

74LS04 
8/ 



BIP SWITCHES OR SOLDER 
BRIDGES FOR SETTING 
_, ADDRESS 



CONNECT FOR DESIRED 
NUMBER OF WAIT STATES 



-N 
V 



CLK 



CLK/2 



G 

AM2980g 

Ay 

AO 



ACK 

AM2ga06 
*5 

Ao 

Si Bout 

So 



ANYE 



CLK 74LS164 
CLR A B 

33- 



CLKffi- 



74LS02 



V74LSa4 



74LS32- 



D Q 
74LS74' 



PRE 



El 
74LS148 
Aq 1 

A, 2 
3 

*2 4 



OTHER 
INTRRUPTS 



;<i U — 

JA 

I 
1 



74LS138 



7^ 



74LSa2 



74LS16 



INTA 



*2- 
Aa- 



74LS138 
A 1 
B 2 

C 3 
Q2A 4 



B 74LS164 
OA 



°F 
CLK 



-] INTA 

_ L FOR OTHER 

f INTERRUPTING 
-J DEVICES 



74LS04 



fi.-j" a v.. 



Z8530 



PCLK 
CS 



D/C 
RD 



- J r. 



INT 



INTft 



I »>--AWi 

Hgvra 7-1S. ZKW to 68000 ConnMMon wRii intemivtt 
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The data bus between the 68000 and the Z8530 are 
directly linked together. The Am29806 decodes the 
address and ge nerates CS for the peripheral and 
produces ANYE, which is used by the 74LS164, to 
generate Wait States. Jhe 74LS1 64 controls the number 

g ^watts tetesby the "C" input which in turn controls the ' 
T3^ signal to the CPU. This allows ^ aWMIW to 
bUain the required 400 ns width. A, gemotes the C/1 
input to tlie Z^30 wFdIe the remaining adirsss Ines am 
pwmec^ to the Am29809 address oom^gaSi^n 



The 74LS148 and the two 74LS138s assume there are 
other interrupting devices which are not compatible with 
the interrupt daisy chain of the Z8530. The 74LS1 48 and 
one of the 74LS138 can be eliminated if this is not thei 




|i ne Am^SOS Comparator and the 
tor/Decoder provides high-speed addre* selecibn as 

well as an open collector acknowledge driver. This 
allows menrories and perip herals to be conveniently 
wire-ORed to the processor's DTACK pin. This interface 
does not provide a hardware reset; therefore, it is neces- 
sary to do a dummy read to the control poitbf fore iss^fil 
a software reset. 

The 68000 And Z8530 With Interrupts 

The following description addresses the problems of 
interfacing the 68000 and Z8530 with intenupts. The 
Circuit configuration is basically the same as the design 
without intemiipts. 



The first 74LS138 acts as a status decoder; it is gated 
with AS to de-glitch the outputs. The second 74LS138 
deeodiK ttie Interrupt Acknowledge priority level, allow-i 
inga tuDO-diinensioiai priority scheme. DjaisyiChaincati 
be usedto resolve priority si any given priQiity level'whilc| 
the CPU resolves priority between levels' 

The 74LS1B* is f < M e d te-^enerate the cofrect timing 
during an IWent^ifA ekn o wl e dg e-eycle. ttalfawsSCPU 
clocks for the daisy chain to settle before it generates RQ 
to put the vector onto the bus. The daisy chain is 
implemented by using the lEI, lEO pins (not shown in 
Figure 7-1 2) on the 8500 peripherals. The time allowed 
for the daisy chain to settle is a function of the number of 
devices in the chain; thus the allowance of 5 clo cks used 
here is arbitrary. The 74LS164 also generates DTACK. 
A block diagram of this interface is shown in Figure 7-1 5. 
Timing diagram is foHowed in Figure 7-13- It is more 
straightfonvard to use the Am951 9A Intenupt Controllef 
instead of the ori-chip Inlemipt features. However, thi$ 
t allow flie programmer to take advan? 
» 3^30 time-saving features. j 

. 



HIStBini Ul UIB UII-UII 

approa^doef n^ s 
tage of e yn^ww ^ e 



Ai-A 




FC0-FC92 



DATA IN 



Figure 7-13. Z8530 to 68000 Interrupt Acknowledge Timing 
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A js - 








All 




>8000 




A10 




As 




A4 




A3 




DTACK 




IPL2 




"•M 


,' 






CLOCK 




LOS 




r)w 




AS 




FC2 




FC1 




FCo 




Al 




97 
Do 



74LS04 



own 



V 



A7 



AO. 



Alrii^SQS 



vcc 



As 
Ao 



♦So 



Am29809 Eq 



ACK ANYE 



OSC 



CLOCK 
LDS 



ACK 

RD 
WR 



RW 

AmPAL16R4 y^g 



AS 



6BK85XX 



OE 



FCa 
FCt 

EQo _.1HXA 



V 



Figure 7-14. 68000 to Z8530 Connactlon using a PAL 



^cc 



Z8530 



CE 



INT 



RD 
WR 



♦(INTA 

D/C 



Do 
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The 68000 and Z8530 with Interrupts vja a 
PAL® Device 

This example shows how a Programmable Array Logic 

(PAL) device simplifies the task of interrupt generation 
compared to the MSI implementation. The block diagram 
for the interface via a PAL device is shown in Figure 7-14. 
The timing diagram (Figure 7-15) illustrates the Interrupt 
Acknowledge cycle. As in the other designs, RD is 
generated during Interrupt Acknowledge to place the 
vector on the totfe. '• - ' ' 



The flt mng during register programmir^ is not shown. 
TRiTWT'de^ce allows selecflon of orie or two Wait 
States by ix>aKing Wg High or Low rfi^peqtjvQly, The table 
below shows the appropriate numbef dfWSt States as a 
function of CPU speed. 

CPU Speed Wait States 



Z8530 4 MHz 

C . . . ,28530 - 6 MHz 



1 
2 
2 

2 ' 



I Figure 7-16. 



L(-''!.ifi>. fvavt.i 
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68000 TO 8500 OR 9500 PERIPHERALS _ 

CIXXpK /CS RW ■ /I®S /Wp /AS FCO FCl FC2 GND 

/INTA l(ACaC /C /B /A /DLDS /RD VCC 



/OE 
A : 

B :+ A*/C + /»*C + /AS 
C :+ /A*/B*AS + b*C*AS 



A*/8 + B «C + VaS 

\ 



V 



DLD$ :- LDS ^. _ V 

RD + LDS*DLDS*RW*/INTA + /INTA*/A*/B*C*«0" f 



DESCRIPTION ' 

THIS PAL DEVICE INTERFACESN 85XX TYPE PERIPHERALS TO THE 68000 MICRO PROCESSOR. IT 
INSERTS 1 OR 2 WAIT STATES AS SELECTED BY /WO = IS ONE AND /WO = 1 IS TWO WAIT 
STATES . FOUR WAIT STATES ARE INSERTED DURING THE INTERRUPT ACKNOWLEDGE CYCLES . 
ALSO THE RD OUTPUT GENERATED DURING INTA IS A FUNCTION OF THE INTERNAL STATE MACHINE 
AND NOT A FUNCTION OF LDS. OE CAN BE LEFT OPEN SINCE THE FLIP-FLOP OUTPUTS ARE NOT 
USED DIRECTLY. THE FALLING EDGE OF RP IS SEIA^C^ IN OBDSR TO GUARANTEE THE CS,.TO .RD 
SETUP TIME REQUIREMENTS. 



Figure 7-16. PAL Equation* 



AM7960 AND Z8530 APPLlCATldN 
Distributed Data Processing Overview 



The changing data-processing environment has created 
attractive opportunities for distributed processing, 
encouraging both users and vendors to support the 
concept. DistrikHJted processing provides either func- 
tional or geographical dispersion while IntegraHr^ the 
dispersed parts Into a coherent system. 

The main advantages of distributed processing powor 
are: 

a. Efficiency — 

^)eciaijzed machines perform their functions in an 
efficient manner. I.arge, centralized systems are 
often multi-tasked and they do not necessarily per- 
form all the functions with equal efficiency. 

b. Low Cost — 

I. A less complex computer, or other forms of dfs- 
tritxited Intelligence, Is required. 
It simplifies certain applications where only data 
accessing is required. 



c. Control — 

Users have control of most of the computing power 

in the system organization. 

d. Unlimited Access — 

Distributed processing power allows the user greater 
access to the machine operating system and hard- 
ware. In large, centralized systems, very few users 
are allowed to access the mainframe's operating 
system and hence cannot take ful aiivantage of all 
the computer's power. 

e. Response Time- 
Local processing eHminales the relatively sknv 
common-carrier lines in favor of high-speed chan- 
nels. Distributed processing can Improve response 
time for certain applications that can be partitioned 
for simultaneous execution In parallel on multiple, 
functionally distributed computers. Lengthy delays 
are often encountered In a centralized system due to 
overtoaded CPUs and slow communication lines. 

f. Resource Sharing — 

RenxJte sites in a distributed system can use each 
other's facilities such as sharing expensive periph- 
eral devices In the system. 
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The advantages of dtetrSxjtMl processing, therefore, 
point mainly to,«MBtjn^poftanl factsj 

%i j^ JLANs f!f^0et$l^9i tntelligence practical. 

2. Methods rnu^l^ devised in order to allow large 
amount of (k^.tp be transported, at high speeds, 
between centers'^of Ihtelllgence. 

iniis disda^ieHi addfisse^tKe 

Data-ConmunicaHons atlfte n . l 

Layer 

Today's data communications market can be segmented 
1hterm$Of^0leed. 

i. Low speed (300 baud-Se kbaudy. ./ii r i 

ii. Mediunli^eed lQiS Mbi's-SMIxf^r' ja^N 

iii. High speed (1 Mb/s-60 Mb/s) 

iv. Very high speed (100 Mb/s and up) 

On medium speed applications data rate is assumed at 
1 Mb/s. At this rate, the physical interface requires a 
highly sophisticated transceiver. The following is a list of 
the requirements: 

a. The transceivers must have good but inexpensive 
isolation from the cabling system (large common- 
mode voltages and surge voltages are common 

r ph^iomenons In any network). F>ulse transformps 
canpro«ide the required Isolation. < 

b. The transceiver must be able to support a good 
c»tlision avoidance scheme, since all devices have 
equal access to ttie network |iR sGSMAttype archi- 

V tecture). If a collsion>does gecat, Dfelitmsceiver 
must detect the colUdton and flag the comrtiuniea- 
tions controller. 

The receiver must be able to .inhibit false starts due 
to noise in the surrounding environment. 

i The transmitter must control the slew rate of the 
output signage reduce EMI/RFI to surrounding elec- 
tronic equipment. This is a very important oiterlon if 
the network is to meet FCC/VDE regulations on 
radiatton. 

e. If an isolation transforrnst' is used, some f omi of data 
eneodii^ miia be implenii^iad so that a s^ 
of 'I's or "O's do not saturiipfflrtmnsfbrmer by 
charging it to either voltage level. 



WhytheAmmso 

I^Anni'tSft ®0de^ ^^tUt Fransceiverte'Clwigi^ttad to 
meet all the requirements of the medium-speed'tK^work. 
It is frequency agile for data rates beiwsen 0i5.Mb/8 to 3 
Mb/s. , 

Electm-MagneOc Intertmne* 

The Am7960 has an external resistorconnectedfrom the 
slew rate control pin (TSRC) to ground to control the 
transmit slew rate. If the rise and fall times of the output 
signal are each 30% of the transmit clock period, the 
output waveform looks approximately like a sine wave 
(Figure 7-17). This has a smoothing effect on the 
transmitted signal, reducing 3rd, 5th and higher order 
harmonics. This in turn reduces energy radiating from 
the cable and minimizes the effects of ele^ro-niagnetk: 

-• . - I ••'■'i r . '-i ii u — '-T^ , - I . _ ,1 1 .' ■ 



30%TxC . 30%Tl<C 




l ^', r- - ■ TXC ^ 
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Figure 7-17 Slaw Rate Controlled Outputs 

^ L_ •' - ^ - ■ 

'tr''' ' ' ' 

Common-Mode Problem 

The comnrt&nMode' voltage problem can bs liaeoived by 
at the traneceivei'-Heable inter- 
<mm<imf*m mt^0 \ i l^z high impedanoe interface 
to the coupling transfonner. It also implements a use^ 
transparent Manchester encoding/decodlrig scheme 
that II mits the frequency of output data signals to within a 
narrow range. 

Noise Immunity 

Ifi-ti&titceiver seeUorrttif ttte Am7960 a signal qualifier 
minimizes false starts, thus improving reliatiility. Line 
activity is detected when the input signal crosses the 
threshold. The receive clock is acquired when there are 
two transitions of the input signal during a bit time interval. 
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DIglttI Sampling 



The iilttemal DPLL runs at 16 times the data rate. Hence, 
«ach btt fidCi^wed signal i& quantized into 16 
^ampps. Tli#emm#illi0^itmningvvht^tl^ff^^ 
ljut synchronizes within 1/16 of a bit on the first valid 
signal edge. It then opens up a series of windows at the 
5/16 to 7/16, 12, and 9/16 to 11/16 positions of the 
expected bit cell. Zero-crossings within these windows 
set a Shorten, Center, or Lengthen flag that mal<es the 
loop adjust for sampling of the next bit cell. The internal 
circuitry samples the incoming data at 1/4 and 3/4 bit 
intervals. A transition of voltage levels between these 
two time slots indicates the arrival of a vafid Manchester 
data bit. 

Hardware Considerations 

The Am7960 Caft be used with a Z8530 Serial Commu- 
.nicatisns Controier lo-build a simple and cost- 
effecl ive 1 Mb/s data lirri< tor office and industrial applica- 
tions. The Z8530 is a two channel, software-program- 
mabl( i, device which can adapt to most systefh architec- 
tures including: 

Bu^ 9icl)itfiiclur^ (ftiD-chJplex and h'alf<luplex) 

ToHsn Passing lih^ (SDLC Loop Mod^) 

SlAR-GoRlgtiraiions (similar taStiAl^' 

The power and flexibility of the Z8530, along with the 
Am7960's CSMA-CA access scheme. Manchester 
coding of data and output slew rate control enable the 
system designer to deliver an inexpensive 1 Mb/s LAN, 

The straightfonward nature of the hardware connections 
is shown in Figure 7-18. The Request to Send (RTS) 
output from the SCC is ORed with inverted Advance 
Carrier Detect (ACD) output to implement the collision 
avoidance scheme. 

ACD is asserted whenever the receiver detects line 
activity. This scheme is a significant asset in the single 
bus (half-duplex) architecture shown in Figure 7-19. 
Consider the case where Device 1 is transmitting and 
Device 4 is receiving. Although the message on the bus 
to ni^read tjy Devices 2 and 3, their respective ACD lines 
will b 9 active (Low) due to line aotiVi^ At their receive 
4nputs/RxL, and Rxl^; This prevents^oontrollersf rcwn 
transmitting as tong as there is line actlvity ,1hus avoiding 
any potential collisions or i ntemi ptiofi of the transmis- 
sion . Du ring trans mission. ACD is internally negated. 
The ACD and RTS gating scheme does not interfere with 
noimai data transmi^^tti. 

In this; example (Figure 7-19), the Am7960 will generate 
and recognize its own preamble because the Z8530 
does not have Kiat capalajffty. This is called Mode 



opefratlon and is accomplished by holding the Mode pin 
Low. The Master Reset input is an asynchronous trans- 
ceiver reset. When asserted, all interface signals will be 
inhibited with the exception of transmit clock. It has an 
internal pull-up resistor, internal discharge clamp diode, 
and input hysteresis to provide power-6|^ ||B(^with a 
single external capacitor to ground. 

The Clear-To-Send (CTS) is activated just before the 
Am7960 is ready to transmit data. The interface for 
Transmit Data (TxD), Transmit Clock_(TxC), Receive 
Data (RxD), and Carrier Sense (OS) between the 
Am7960 and the Z8530 are direct connections. This 
ease of connection is possible because the Am8530 
supports the modem-like interface (standf^d fpr, mq^ 
USARTs and serial communications controllers) for 
which the Am7960 is designed. 

The RxC rising edge to RxD valid time on the Am7960 
varies from -5 ns to +20ns. The Z8530 clocks in data on 
the rising edge of RxC and requir es a s et-up of at least 
ns from RxD to the rising edge of RxC. This set-up time 
will not be met if the same RxC edge that clocks out data 
from the Am7960 is used to diCK in data to the Z8530. 
TtiisiJroblem can be solved by i nverting the receive ctock 
frcMtittie Am7960 before feeding it into the Z8530. 

Ttie X1 and X2 pins supply the dock to the digital phase- 
tocked loop in the Am7960, which in turn generates the 
TxC and RxC signals. These inputs can be driven by 
either a crystal or a TTL source. The crystal oscillator 
circuit must be used, in 3rd harmonic, for frequencies 
above 24MHz. If aTTLsoureeisconneoHMDia^ipheXa 
pin must be left open. 

The hardware connections between the Z8530 and a 
CPU and DMA controller are equally simple. Use of a 
DMA controller is suggested for any system that trans- 
mits above 500 l<b/s, to simplify data transfers between 
the memory and the Z8530. After initializing the Z8530 
and the DMA channel, the CPU leaves the actual transfer 
of data to the DM A controller (explained under Software 
Con8lderateM1i»6?l1'il^'applfcafion hdt^ 

During transmissi on, th e SCC requests a DMA transfer 
by pulling the W/REQ line active (Low) if the transmit 
buffer is empty, or keeps it High until the transmit buffer 
is empty. Similarly, the receive SeCitidrr wHV request a 
DMA transf er If th e receive buffer cont^ns#^har^eror 
will keep W/REQ High until acharacter enters the receive 
buffer. A flag within the SCC can be read to recognize an 
End-Of-Message (EOM). 

The Z8530 can al^ br oonfigured to make the entire 
system interrupt-drlven. The chip can be set up to 

interrupt the CPU on external conditions (i.e., a change 
on a modem line or a break condition). It can also be set 
up to cause receive interrupt on first character, on all 
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characters, or on one of many epedal receive concfitions 
(e.g., receiver overrun, framing error, or end of frame). 

The Am7960 can also support a full-duplex operation 
(point-tOiJOiM between two devices). In this case, no 
coRsion aweidanc» scherne needs to t>e implemented 
because on^ one dcMce can talk on one line at a time. 
Such a selHip would be very practical for STAR configu- 
rations, or Token Passing Ring, or Loop configurations 
(shown in Rgure 7-20). - .= , 

In addition to this 1 Mb/s 1^ usir^ the AmTSSO. channel 
B of the Z8530 is configured to operate a low speed RS- 

423/RS-232C asynchronous link. The Am26LS29 driver 
and the Am26LS32 receiver were added, as shown in 
Figure 7-1 8, to provide proper signal conditioning forthe 

cable. 

Software Considerations 

Two programs have been written for the hardware de- 
scribed and are listed at the end of this application note. 
The program for the transmitter is listed under "SOFT- 
WARE TO TRANSMIT DATA AT 1Mb/s USING DMA." 
The program forthe receiveris listed under "SOFTWARE 
TO RECEIVE DATA AT 1Mb/s USING DMA.' These 
programs enable afileto be read off a dsk on one IBM* 
PC (XT or AT), transmit it over a shieUed cosDdal orible 
to another similar PC**, and save It onto a disk on the 
receiving PC. The collision avoidance scheme is imple- 
mented in hardware. The software implementation 
demonstrates that the Z8530A and Am7960 can be 
simply configured for a 1Mb/s data communications 
network. An actual operating network may need a 
slightly greater degree of software sophistkaOon.' ^ 

The file from disk (hard or floppy) is first copied into 
memory. The length of the file and starting address is 
then determined. The Z8530 Serial Communications 
Controller must now be initialized for an SDLC mode of 
operatton with DMA request on transmit or receive. 

The initialization scheme for the Z8530 involves setting 
up the various modes of operation followed by enabling 
the transmitter, the receiver, and DMA request. The CRC 
scheme of the Z8530 is used to ensure data integrity at 
the receive end. Finally, the intenupts are enabled if the 
Intermpt Mode of data transfer is to be used. 

It is important to follow the data initialization sequence as 
shown in the software routine for correct operation of the 
sec. The DMA controller of the PC can then be loaded 
with the starting address of the data and the ler^ of file 



(number of bytes to betASimitted). The DMA channel 
must be enabled upon compietton of initiafization. Data 
fiBBiteiiiftHitaiilByiB DMA is.Bna&iNi: m» 
transmit-undemin ligssSt must be reset by writing a 00^ to 
WROof the Z8530. TNsoommandconirolsthsitiansnrtis- 
sionof CRCMttteendcftrtiRsniissions ^ n . ; ^ 

At the receiving station, the address (fiist byte afterflag$) 
of the incoming data is compared with the device address 

in WR6 of the Z8530. The remaining data are received 
only if an address match occurs. This process does not 
involve any CPU interaction. The EDM and CRC enors 
are indicated in RRO of the Z8530. 

The length of the message is transmitted first, and then 
the entire message is transmitted. Between these two 
transmissions, flags (7E^^) are sent on the line. 

In this program, CPU polls the Z8530 to determine End- 
Of-Message (EOM). Using the same hardware connec- 
tions, the sec can be programmed to intenitpt on special 
recelv«i,iBon^ttioje.to i{Kfcate an EOM to the CPU. 

Channel B of the Z8530 is initialized for asynchronous 
communication at 19.2 kbaud. The asynchronous trans- 
mit routine polls bit D2 of Read Register to determine 
a transmit buffer empty condition. Writing a byte of data 
to the transmit buffer resets this bit. Address line ADO 
0i|<§i:^r!^>3$es bfh(!P^,a.(»rimar^ and de^a access to 
iflWPWi QjnfMKrsceive side, ^itDdof Read 
Register is m^iltqml tot Jetermine 9 recelvie character 
available cortdiG(^,.TIife bit is reset if the receive FIFO is 
coraplMe^ €anf>^fc ii^^m^ l^ ADi seiecte: either 
synchronous or asynchronous data transfers. Hence, 
before transmission, the user can select whetherthe data 
transfer is over a 1 Mb/s-networi< to similar PCs, or over 
a slower Ink to' a i^MM^ 

SUMMARY 

The Z8530 can be software-manipulated to perform at a 
higher degree of sophistication without any change in 
hardware connecttons. 

Changing or adding to the software does not affect the 
Am7960 operation. Hence, the Am7960 provides an 
easy upgrade (high-speed, greater distance, common- 
mode isolation) for most nxxJem nx>dem circuits that use 
Ri^42^ diiMWB an^naeeh/ers. 

* IBM is a registered trademarlt of Intematenal Buaina8s.Maehines Corp. 
" PC refers to Personal Computer 
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Soffware to Transmit Data at 1 Mb/s using DMA 



♦include "stdio.h" 

tdefine arraysize 40 

♦define port 0x0382 

♦define aport 0x0380 

♦define aportd 0x0381 

'^define arraysiz 18 

unsigned char *ptr; ' 

unsigned int segreadO; 

struct (int scs, sss, sds, ses; ) 

unsigned long int data_segment; 

unsigned long int data_seg; 

unsigned int num; ' ■ 

unsigned long int adrr; 

/*TRimSMIT ROyTINE*/ 

. ,> '■'fJ'. 'Wr' '■'!'<'« W^' ' • 
mam () , 



/*size of array for the 8530 sync, init*/ 
/*l/0 port address for the SCC channel A*/ 
/*I/0 port address for 8530 channel B*/ 
1*1.10 data address for 8530 channel B*/ 
/*size of array for the 8530 async. init*/ 



rv; 



do 



unsigned char var_nam, stringl[8], N, n; 
linsl^^j^Mt-tftrt^-iSStf wit , - res ; 



■ (i 

. /|*Tl^s rai^tj,n,e^i.i^hQoges te^tj»een ^ynj^ronous 
I and a^spieh^Oiieus- data -transfees*/ 

printf ("Do you want to print a file(y/N)? ") ; 
var_nam = scanf("%s", stringl) ; 
result + St rcmp (stringl, "N") ; 
res = strcmp (stringl, "n") ; 
if {result !-= && res != 0) 
" ' { 

/♦Main routine for asynchronous data transfer^/ 

printf ("Asynch transraitXn") ; 



else 



/♦Read file from disk into system memory*/ 
/♦Initialize the 8530 for asyngJaJSQinpisi^-. ferani^U-t*/ 
/♦Transmit length of file*/ •■ s, \ ^ ' 

/*Tr#nsniit the entire file*/ 



opnf ile ( ) ; 
asccinit ( ) ; 
trnumO ; 
cont () ; ■ 

■#tra^ts^'^!; ■ 

■.■ (■• ■ ' I';' . 

/*Main roU^HsH^fiSr ^ynchifonous data traiisfeir*/ 
printf ("Syj^pjiicoiious .t^ans^^Xn" );,. 

sceiaii't ; . o, 
dmainitO; . .ir, ^ rjj, 

coiiEtO ; ■ " , ■ : 

dmiaaitO ; ' ■ 

) 

/•^^ils the us^r to continue transmission of next file*/ 



fir'' ■ 



-:;:t.ji o»j- 
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printf('"Do you want to transmit another file(Y/N)? "); 
var_neun ■= acanf("%s", stringl) ; 
result = 3trcinp{3tringl,"N'') ; 
res - strciTO (stringl, "n") ; 

) ■ ■ " ■ ' 

while (result != && !« 0) ; 
) 

/*THIS ROUTINE LOADS THE FILE FReM ijISK ro tmifER VetSsMc*/ ' 
OpnfileO 1 , . ^ I ; ; . -L v:;,. • 

{ 

char var_nam, name [16] , *ptrr; 
extern char *alloc ( ) ; 

unsigned int fd, endpos, begpos, count, numd; 
unsigned int; 

int nvim_read, i, numr; ' ^ 

printf ("Enter name of file to tie ttf^msferged: '"j ; "■■ 
var_nam = scanf('*%s'', name); 
fd = f open (name, "rb") ; 

endpos = f seek (f d, OL, 2) ; /*looks for end of file*/ 

f close (fd) ; 

fd = open{name, BREAD); /*opens the file as binary file*/ 

if(fd<0) { f puts ("file' not opened", stdout) ; return;} 
ptr = alloc (endpos+l) ; /*allocates memory space for file 

beginning at iptr*/ 
for (i=0;i<endpos;i++) * (ptr+i) =' \0 ' 
ptrr = ptr; 
num =0; 
num_read = 1 ; 

while (num_read ! -0 ) 

{ V- ■ " ■ = ■■ 

/*This reads the file from disk starting at location ptrr*/ 
n\im_read = read (fed, ptrr, endpos) ; 

num = num + num_read; /*calculates len^th^oS file*/ 

ptrr = ptrr + num_read: 

) ■ r 

ptr = ptr - 2; : . ., 

num = num + 2; <•■ 
*ptr = num; /*appends lower byte of length to beginning of fileV 

ptr++; 

numd = num » 0x0 8; 

*ptr = 0x02; /*address of receiving device is attached*/ 

adrr =01; 

3egread(&rv) ; , - , i 

data_segment = rv.sds; 
data_seg = data_segiaeht « 4; 

addr " data_seg + (long int) ptr; /*absolute 20-bit address is calculated 
/*thi3 is required by the-'ESlA oontrelleef / t, jq- : ■ :. i.: >: ■ 
/*num_read contains: 

if -1 error . - .s.i? t. Ts.nJt '.i^laci .'ee» 

if EOF 

if >0 number of characters put in toffl^r*/ ''^*^'"'^'>A tlC" 'i - 
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blo3e(fd); r9rt- -., . ■ 

cetum; 

) 

/*TMS ROUTINE INITIALIZES THE 8530 FOR TRANSMIT*/ 

sccLnltO 
{ 

unsigned char array [arxay^z^] ; /a^^ay, to jlnit4^1,j,ze| SQC .regiaters*/ ^ 
ui^signed int i+0; 

/*t«Bpacary storage fox transmit/receive character' 



uc signed cbair %emp; 

array [01*6x9 
array II] -OxCO; 
array[2]=0x4; 
irray[3]=0x20; 
array [4] =0x1; 
array [5] =0x40; 
array [6] =0x3; 
array[7]=0xFC; 
rray[8]=0x5; 
rray[9]=0x63; 



itray[10 
array [11 
i^rray [12 
sir ray [13 
srray [14 
array (15 
array [16 
array [17 
array [18 
array [19 
array [20 
array [21 
array [22 
array [23 
a Cray [24 
a Cray [25 
a Cray [2 6 
a Cray [27 
a rray [28 
atray [2 9 
array [30 
array [31 
array [32 
array [33 
array [34 
array [35 
array [36 
aitray [37 
a4ray[38 
array [39 



=0x6; 

=0x02; 

=Oxt; 

=0x9; 

=0x02; 
=OxA; 
=0x00; 
=OxB; 
=0x08; 
=OxE; 
=0x00; 
=0x3; 
=OxFD; 
=0x5; 
=0x6B; 
=0x00; 
=0x80; 
=0x1; 
=OxCO; 
= OxF; 
=0x08; 
=0x0; 
=0x10; 
=0x0; 
=0x10; 
=0x1; 
=0xC9; 
«*©x^y 
=OxOA 



/♦hardware reset the 8530*/ 

/*xl clock, SDLC mode, parity disable*/ 

/*choose DMA request on transmit*/ .^^^ 

/*Rx 8bits/char, autoenabled, hunt mode*/ 

/*Tx 8bits/char, RTS enabled, TxCRC enabled*/ 

/♦address for this device is 02*/ 

/*SDLC flag, pattern 01111110*/ 

/*No vector is returned*/ 

/*Send CRC and Flag on underrun, do not abort*/ ^ 
/*rec. clock=RTxC pin. Transmit clk=TRxC pin*/ 

/*Rx mtta^ys^* / r - :, . T-i 
/*Tx enable*/ 
/♦reset TxCRC*/ 

■ . iS>- . . . ;i. ; , « \ 11.'. 

/*DMA request enabled*/ 

/*disable all interrupts except DCD input*/ 
/*reset external/ status interrupt twice*/ 

/*Rx interrupt on 1st char, or special condition*/ 



/*set master interrupt enable to 1*/ 

/♦BEGIN INITIALIZATION ROUTINE*/ 

inportb(f»gtt) ; /*read from MlO*/ 
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while (Karraysize) 
{ 

outportb(port, array ) j 
) 



/*THIS ROUTINE INITIALIZES THE 9517 DMA CONTROLLER TO TBANSHIT 
LENGTH OF FILE*/ 



dmainit () 

{ 

unsigned int Isb, temp, 
unsigned int bytn, byt, 
outportb(0x09, 0x01) 
outportb ( OxOA, 0x0 5 ) 
outportb(OxOB, 0x49) 

Isb - adrr S OxFF; 
temp = adrr » 0x08; 
msb = temp & OxFF; 
ten^ = temp » 0x08; 
latch = temp & OxOF; 
outportb (0x81, latch); 
outportb (0x02, Isb); 
outportb90x0B, msb) ; 
start = adrr & OxFFFF; 
bytn = 0x03: 
wrdl = bytn fi OxFF 
txapl = bytn » 0x08; 
wrdh = tmpl & OxFF: 
outportb (0x03, wrdl); 

outportb (0x03, wrdh) 
outportb (OxOA, 0x01) 
outportb (port, 0x00) 
outportb (port, OxCO) 
) 

/*THIS ROUTINE INITIALIZES THE 9517 DMA CONTROLLER TO TRANSMIT ENTIR^/ 

- ' • r> " 

drainitO 
{ 

unsigned int Isb, tenqp, msb, latch, wrdh, wx^l, txpl, start; 
unsigned int bytn, byt,. I^SP^; .i -.^ >; r afr - C 



msb, latch, wrdh, wrdl, tmpl, start; 
, tmp2 ; 

/*clear all DMA requests on channel 1*/ 
/^litask channel 1 tetgaeat*/ 
/*mode register for single transfer mode, 
read, auto init, address iacreiBaent*/ 

/♦rotate ptr 8 bits to get msb*/ 

/♦rotate 8 bits to get sector address*/ 

/*load sector address into DMA page register*/ 
/*lower byte of starting address*/ 
/*upper byte of starting address*/ 

/*address and 2 bytes for length are transmit*/ 
/*lpwer ordter byte of wordeount*/ 

/♦rotate wordcount»!B':^i49<'.i^c msb*/ 
/♦upper byte of wordeount*/ 
/♦this i«tethe ■iL»mrii3f0imys£ *i©e bytes 

that fit within the first sector*/ 
/♦upper byte of wordcoiojat!*/ ■ : 

/♦enable DMA*/ i 

/*reset transmit underrun latch*/ 



outportb (0x09, 0x01) 
outportb (OxOA, 0x05) 
outportb (OxOB, 0x49) 



Isb = adrr & OxFF; 
temp = adrr » 0x08; 
latch = temp & OxOF; 
outportb (0x81, latch); 
outportb ( 0x02 , Isb) ; 
outportb ( 0x02 , msb) ; 
start - adrr & OxFFFF; 



/♦clear all DMA requests on channel 1*/ 
/♦maslt channel 1 DMA request*/ 
/*mode register for single transfer mode, 
read, auto init, address increment*/ 

/♦rotate ptr 8 bits to get msb*/ 

/♦load sector address into dma page register*/ 
/♦lower byte of starting address^/ 
/♦upper by^^of ft^jt^a a^re^^*^ 
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bytn = num; 
wrdl = bytn & OxFF; 
tiii>l = bytn » 0x08; 
wrlh = tmpl & OxFF; 
ou :portb(0x03, wrdl); 

ou ;poi:tb{0x03, wrdh) 

oul;portb(0x04, 0x01) 

oui;portb (port, 0x00) 

oui ;portb (poirt , OxCO ) 



/*lower order byte of wordcount*/ 
/♦rotate wordcount 8 bits for msb*/ 
/♦upper byte of wordcount*/ 
/*thi3 is the lower byte of # that fit 
^„ within t;hp ,f ira^^,^sec^9r*/.. ^^^^ , ^ „ , 
/♦upper byte of wordcount*/ 
/♦enable DMA*/ 

/♦reset transmit underrun latch*/ 



cont ( ) 

< 1 

unsigned long int count; 
count =0; 
while (count<35550) 
( 



/♦arbitrary time delay routine*/ 



cpunt++; 



} 



/*THIS ROUTINE INITIALIZES rTHE 8530 FOR ASYNCHRONOUS TRANSMIT*/ 
asccinit () 

r ■ - 

unsigned char array [arraysiz] , 
unsigned int i=0; 
array [0] =0x09; 
array [l]=OxCO; 
ajrray [2]=0x4; 
array [3] -0x44, • 
arra3flI41«03t3l; 
a] :rayI5J«s(SxC0; 
arraytei-OxS; 
airay[7]=0x60; 
ai!-ray [8]=0xB; 
array (9]=0x56; 
array [10] =0xC; 
array [11] =0x0 6; 
array [12] =OxD; 
array [13] =0x00; 
array [14] =OxE; 
array [15] =0x07; 
array [16] =0x5; \ 
array[17]=0x6«; 



temp; 



/♦hardware reset*/ 
/*xi€ cloeki 1 stop bits*/ 
/*» bitfeJ'»lia»;*/-> ^ ■ • 
/*8 bits/char.*/ 

/*RxC=BR gen, TxC=BR, TRxCout=BR*/ 
19.2 kBaud*/ ' 



it 



G'.. 



/*set BR gen for 



■ A: 



/*set DTR/REQ, enable BR gen, PGEK = Bl^ aouifee*/- 



/♦Enable-ttanaSmittei!*/'- ; ' 

/*B^GiN ASxmnMlksss -mmanm*/ 

teniEi = inportb {a^O*Cr-;^*S'ead f torn RRO to set up state machine*/ 
while (Kasraysiz) 



pQXjfcb) sport, array [i++] ) , 



) 



/♦TRANSMIT FILE ASYNCHkoNOUSLY AT 19.2 kBaud*/ 
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atrans () 

{ 

unsigned int tenp, ttnp, tx; 

unsigned int i, count; ' -.6^0 iv.- te* 

temp = 0; 

num — num + 1; 

for (i=-0; Knurn; i++) /*proces3 the loop until all chars, are 

tranSMtfeSd*/ ' ♦ . is- • 

[ 

tx -= 0; 
while (tx-=0) 

tenp =- inportb(aport) ; /*load RRO to check Tx bufSer enpty bit*/ 
tx = temp & 0x04; 

} 

outportb (aportd, *ptr++) ; /*output a character to transmit buffer*/ 
} 

) 

/*TRANSMIT LEaiGTH OF FILE ASTfKCHRONOUSLy ST 19.2 IcBaud*/ 
tmumO ' ' 

{ 

unsigned char tmp, temp, tx; 
unsigned int i, count; 

for (i"0; i<0x03; i++) /*process the loop, until ,lea*gtih Af file 

is transmitted*?/ 

{ , • J..., 

tx = 0; . . 

while (tx=-0) 
I 

t&np = 0; 

temp inportb(aport) ; /*load RRO to check Tx buffer ei^ty bit*/ 
tx " temp S 0x04; 

} 

outportb (aport, *ptr++) ; / *output a character to transmit buffer*/ 

ptr = ptr - 3; 9,-.^;^^- 
) 
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So^ant lo Reeefve Data at 1 Mb/s using DMA 

♦inplude "stdio.h" 

♦dekine arrayslze 40 /*3ize of array for the 8530 init*/ ,. ^ . j^j, V.rsy 

fdeplsee p0tt 0x0382 /*l/0 port address for the SCC channel A*/ 
#d«cln« aftect, 0x0380 /*I/0 port address for 8530 channel B*/ 
#declne ai>o«td 0x0381 /*I/0 data address for 8530 channel B*/ 
fdeclne arraysiz 22 /*size of array for 85305§fy^^^, l^it.*/ 
char *ptr; 

unsigned int segreadO; 

struct {int scs, sss, sds, ses; } rv; , 
unsigned long int data_segment; 

unsigned long int data_seg; _^ , . . , ,j , - . lui^ i- — ■.- » 

unsigned int num; ., .,, 

unsigned long int adrr; j 

/*RBC&l;W| J^lJTINE*/ .^^^^ --e • ., d ■. ' ■ - . : , , c 

main ( ) 
{ 

unsigned int result, res; ; ■ ^. v,- •,- r,,. . ■ gjj ; . ri. ' 

char var_nam, stringl[8], N, n; 

do 

> *Choo3e synchronous or asynchronous receiving*/ 

Iirintf("IS THIS DEVICE A PRINTER (Y/N) ? "JOl'^^' - : ' ; -. ■ ' > 

\ar_nam = scanf("%s", stringl) ; 
J esuit = strcait^ (stringl, "N") ; 

l es = strain (stringl, "n' ) ; '^^ ■ 

if (ieawltl»0 S& res!=0) - -;r^)^.■i.. 

{ t 
/*MaJa» reafciae for astynchronous receive*/ ■' " •'"^-♦^ 

rum '0x03; ^- ' ' ~ ""' r.^ --c : .: ; ,i. ... - - q.T v 

opnflleO; ' 
asccinitO; /*Initialize 8530 for async rec.*/ 

{Jrintf ("WAITING FOR DATA\n") ; ' . . .■ - .« .-i.t. r ' ..-i . ! 

recnumO; /*Receive length of file*/ 

lengthO; /*Determine length of file*/ ■' ' i - 

opnf ile ( ) ; 

recfileO; /*Receive the entire file*/ 

printf ("WOW! ! I RECEIVED THE DATA!\N"); 
cILosfileO; /*Tran3fer received file to disk*/ 

) 

else 
{ 

/■'Main £«»Qtia« for synchronous receive*/ 
nun = 0x03; 
opnf ile ( ) ; 
scdinit ( ) ; 
dmap-nit ( ) ; 

printf ("WAITING FOR DATA\n") ; 
endio ,- 
lentrthO ; 
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opnf ile ; 

dminit () ; i 
end ( ) ; 

printf ("WOW! ! I RECEIVED THE DATAXn") *-- ' ; 

closf ile () ; 

} ■ - , 

/♦Allows user continuous reception of files*/ 

printf("Do you wish to receive another f ile (Y/N) ? ") ; 

var_nam = scanf ("%s", stringl) ; 

result = strcmp (stringl, "N") ; 

res strcn?) (stringl, "n") ; 
J 

while (result !=0 && res!=0); 

) 

/*THIS ROUTINE SETS A VALUE FOR THE STARTING ADDRESS AND ALLOCATES 
SPACE IN MEtfORY TO ACCOMMODATE ENTIRE LEHGTH OF FILE*/ 

opnfileO ' - --.'s-ip^- . 

extern char *alloc( ); '' 

unsigned int i; 

ptr = alloc (num); '' 
for(i=0; i<num; i++) * (ptr+i) =' \0 ' ; 
ptr-; 

aum num +1; 

adrr - 01; " 
segread(&rv) ; 
data_seginent = rv.sds; 

data_seg = data_segment « 4; iCM fiul 

adrr — data_seg + (long int) ptr; ! ' 

} 

/*THIS ROUTINE INITIALIZES THE 8530 FOR RECEIVE*/ 

sccinit ( ) 
{ 

unsigned char array [arraysize] ; /*array to initialize SCC registers*/ 
unsigned int i=0; ' 

unsigned char tenqp; /*ten5)orary storage for transmit /receive 

characters*/ 



array [0] "0x9; 
array [l]-OxCO 
array [2] -0x4; 
array [3] =0x20 

array [4] =0x1; 
array [5] =0x40 
array[6]=0x3; 
array[7]=0xFC 



/♦hardware reset the 8530*/ 
/*ii^6l9ek, SDLC mode, parity disable*/ 
/*dli6oS6 DMA request on receive*/ 



/*Rx 8 bits/char, autoenabled, hunt mode, 
receive ere Citable*/ 



array [8] =0x5; 

array [9] =0x63; /*Tx 8 bits/char, RTS enabled, TxCRC enabled*/ 
array [10]=0x6; 

array[ll]=»0x02; /*address for this device is 01*/ 



7-33 



CHAPTER 7 

sec Application Notes 



array [12]=03£7; 
array [13] =0x7E; 
array [14] =0x9; 
array [15] =0x02; 
array [16] =OxA; 
array [17]=0x00; 

rray [18]=0xB; 

rray [19]=0x08; 

rray[20]=0xE; 

rray [21] =0x00 ; 

rray [22] -0x3; 

rrayl23]*=0xrD; 

rray [24]=0x5; 

rray[25]=0x6B; 
array [26] =0x00; 
array [27]=0x80; 
array [28]=0xl; 
array [29]=0xE0; 
krray[30]=0xF; 
krray [31]=0x00; 
,irray[32]=0x0; 
,»rray[33]=0xl0; 
iirray[341«»0x0; 
array [ 35] ''OxiO ; 

rray [3 6] =0x1; 

rray [37]=0xE0; 

rray [38]=0x9; 

rray[39]=0x02; 



/*SDLC flag pattern 01111110*/ 

/*No vector is returA*a«/-V ' iS^. 

/*Send CRC and Flag on underrun, do not abort*/ 

/*rec. . cloo)s"RT«C piiit Transmit s,lJc=TRxC pin*/ 



/*Rx enable*/ 
/*Tx enable*/ 

/*reset TxCRC*/ '■ - - 

/*DMA request enabled*/ 
/♦disable all interrupts*/ 
/*reset external/ status interrupt twice*/ 

/*Rx interrupt on special condition*/ 



■ r J - 



/*set master interrupt enable to 1*/ 



/*BEGIN INITIAIilZATION ROUTINE*/ 

terd) = Inportb (port) ; /*read from RRO*/ 
wh Lie (i.<srraysize) 

c utportb (port, array [i-H-] ) ; 
) 



/*THIS ROOTINE INITIALIZES THE 9517 DMA CONTROLLER*/ 
dmainit ( ) 



{ 

unsigned int Isb, temp, 
unsigned int bytn, byt, 
outportb (0x0 9, 0x01) 
outportb (OxOA, 0x05) 
outportb (OxOB, 0x45) 

Isb = adrr S OxFF; 
temp = adrr » 0x08; 
msb = tem[ & OxFF; 
teiki = tmip » 0x08; 
lat ch = ten^ A ,0«OF,- •■^i, ■ , . .■ . ^ 

out portb (0x81, fatcii) ;' /*load sector address into DMA page register*/ 
outportb (0x02, Isb); /*lower byte of starting acjdress*/ 

outjportb(0x02, msb); /*upper byte of starting address*/ 



msb, latch, wrdh, w'rdl, tmpl, start; 

tmp2 ; 

/*clear all DMA requests on channel 1* 
/*mas)?. channel 1 DMA request*/ 
/*mode register for single transfer mode, 
re^^, auto init,^ ad4regs ipcJFement*/ 

.,Y*rota]fce ,^tj: 8 bits tQ g§t .^msl^*/ 

/*rotate 8 bits to get sector address*/ 



'f . .1. - 
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start = adrr & OxFFFF; 
bytn = 0x03; 
wrdl = bytn & OxFF; 
tirpl = bytn » 0x08; 
wrdih = tmpl & OxFF; 
outportb(0x03, wrdl).; 

outportb ( 0x03 , wrdh) ; 
outportb ( OxOA, OstO 1 ) ; 
} 

/*THIS ROUTINE WRITES THE MEMORY BUFFER ON TO THE DISK*/ 

closf ile ( ) 
{ 

char var_nain, name [10]; 
unsigned int fd; 
int niini_wr; 

ptr = ptr + 3; /*<iel©fees dewice add*eas and length of file 

before writing onto the disk*/ 

num = num - 3; 

priiitf ("What shall I name the received file?"); 
var_nam = scanf("%s", name); 
fd = creat(name, BWRITE) ; 

if(fd<0) abort ("\ncreat error occured\n") ; 
num_wr = write (fd, ptr, num); 

printf ("Number of bytes written to file rec.dat = %d\n",num_wr) ; 

close (fd); 

) 

/*THIS ROUTINE INITIALIZES THE DMA CONTROLLER FOR RECEIVE*/ 

dminitO 
{ 

unsigned int Isb, temp, msb, latch, wrdh, wrdl, tanplj start; 
unsigned int bytn, byt, tmp2» 

outportb (0x09, 0x01); /*clear all DMA requesta ©a ehaftiiel 1*/ 

outportb (0x0 A, 0x05); /*inask channel 1 DMA reqji*fti*/ 

outportb (OxOB, 0x45); /*mode register for single transfer mode, 

read, auto init, address increment*/ 
Isb = adrr S OxFF; , , , . . , , 

temp = adrr » 0x08; /*rotate ptr 8 bits to get msb*/ 

msb = temp & OxFF; 

temp = teJBp » 0x08; /*rotate 8 bits to get sector address*/ 

latch = temp & OxOF; : aic-l .i-. .. . ^ 

outportb (0x81, latqh) ; /*load sector address into DMA page register*/' 
outpottb (0x02, Isb); /*lower byte of starting address*/ 

outportb (0x02, msb); /*upper byte of ' l€^i€int"^iaari^^/ 

start = adrr & OxFFFF; 

bytn = num; . . ; • . . , 

wrdl = bytn S OxFF; /* lower order byte of wordcount*/ 

tmpl = bytn » 0x08; /*rotate wordcount 8 bits for masb*/ 

wrdh = tmpl & OxFF; /*upper byte of wordcount*/ 

outportb (0x03, wrdl); /*this is the lower byte of # of bytes 

that fit within the first secfcor*/~ 



/*lower order byte of wordcount*/ 
/*rotate wordcount 8 bits for msb*/ 
/*upper byte of wordcount*/ 
,/_*thi^,,,i^^he^.^p}fer .byte, o.f # of bytes 

that 'fit wtthia t&B first sector 
/*upper byte of wordcount*/ 
/*enable DMA*/ 



o\itportb(port, 0x00); ■ 
outportb(port, 0x00); /*Eese1i feran^mit \inderrun latch*/ . •- 

) ■.'-•■•■-,■..>■ j-,n ■ ' ■ ■ ■ * ;qii." " 

. • , ■ ■ <0I ^ I' 

/^THIS ROUTINE POLLS BIT D7 IN RRl TO DETECT AN END-0F-MESSA6E*/ . ^ . 

I- - ■ .. 

end() :■ • 

{ 

urslgned char temp, ef; 
ur signed int count; 
ef = 0; 
tenflp = 
inportb(port) ; 
outportbCport, 0x00); 
outportb (p0rt:, 0x30) ; 
whi;.e{efr-0) 
{ 

count = 0; 
Inportb (port) ; 
outportb (port, 0x01); 
terrp = inportb (port) ; 
t^hi3a» (doiintOeO ) 
{ 

count ++; 

) ■^■ r: 

«|f - ten^ & 0x80; 

) 

) 

/*^HIS ROUTINE LOADS THE LENGTH OF THE FILE TO BE RECEIVED*/ 

length 

( " 

unsigned int *4pti:; 
ptr++; ... 

iptr = ptr; /*assigns iptr as an address of a 16-bit integer*/ 

num = *iptr; 

/*THIS ROOTIim INITIALIZES THE 8530 FOR ASYNC. RECEIVE*/ . . irt 

\ ■ . ■■ n ■ . ■ -- . ■ ■, ■ . .f -5 ^ 

ascclLnit () 

I _ 

uislijffied char array [arraysiz] , tenqp; ..i , = i 

uisigned int =i=0; 
array [0] =0x9; 

array [l]=0xC0; /^hardware reset*/ 

atray [2]=0x4; , ^ 

array [3]=0x44; /*X16 clock, 1 stop bits*/ 

array [4] =0x3; 

array [5]=OxE0; /*8 bits/character*/ . . . . 

a]rray[6]=0x5; - • . ; i 

array [7] =0x60; /*8 bits/gharacter*/ . , 
array [8]*®#B; ' -.- - . - ■ 
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array [9] =0x56, • 
array [10] =OxC, • 
array [11] =0x0 6 
array [12] =OxD; 
array [13] =0x00 
array [14] =OxE; 
array [15]=0x03 
array [16] =0x3 ; 
array [17] =0xEl 



/*RxC = BR gen, TxC = BR gen, TRxCout - BR*/ 
/*set BR gen for 19.2 kBaud*/ 

/*set DTR/REQ, enable BR gen, PCLK = BR source*/ 



/♦enable receiver*/ 
tensp = inportb(aport) ; /*Read from RRO to set up state machine*/ 

while (i<arraysiz) 
{ 

outportb (aport, array [i++] ) ; 
} 



/♦RECEIVE FILE ASYNCHRONOUSLY AT 19.2 kBaud*/ 
reef ile () 
{ 

unsigned char temp, rx; 
unsigned int i, count; 

rx = 0; 
temp = ; 

for(i=0; i < num; i++) /*process the loop until all char are received*/ 
{ 

rx = 0; 
while (rx=0) 



temp = inportb (aport) ; 



rx = temp & 0x01; 
} 

*ptr = inportb (aportd) ; 

ptr++; 

) 

ptr = ptr - num; 



/*load RRO to c^eck for rec. char 
available*/ 



/*Input a char from the rec. FIFO*/ 



/*Restore inital value of pointer*/ 



} 



/*RECEIVE LENGTH OG FILE ASYNCHRONOUSLY AT 19.2 kBaud*/ 

recnumO 
{ 

unsigned char temp, rx; 
unsigned int i, count; 

for(i=0; i < 0x03; i++) /*process the loop until all char are received*/ 

( 

rx = 0; 
while (rx==0) 
{ 

temp = inportb (aport) ; /*load RRO to check for rec. char 

available*/ 

rx = tenp & 0x01; 



} 

*ptr = inportb (aportd) ; 



/*S^ttfc a char tiieaa fete rec. FIFO*/ 
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pt|r++; 
) 



Ptr 



= ptr - 0x03; \ .. • :. " 'oi 
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